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A.

S UFAR )

The Consultant has investigated the curremt state of Stevia
processing in DPRE. A crude extract is already in productioa,
used principally in the soft-drink industry. The Comsultant was
able to make specific recommendations regarding improvements to
this process.

The research activity of the $tevia research institute was also
evaluated and the Consultant vas able to make proposals about the
current research (mainly directed towards the isolation of
purified compounds and their biotransformations) as well as
suggestions for future activity.

The main proolem with the programmes may be summarised as lack of
investment. Production equipment should be upgraded by the
provision of stainlesa-steel equipment, research requires
research appartus and training. The production of Stevia in DPRK
is worth comtinuing, and should be encouraged, but considerahle
investaent is required. Utilisation of Stevia has rapidly
reached a stage of vhich considerabie development is nacessary
but it is technically feasible and would be of considerable
benefit to the comtry. For example, the entire soft-drinks
industry in wholly dependent on this material.

If the Government wishes to initiate s Pevelopment Project from
this study, the report and findings below would form the basis of
such a Project Document.
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2.1

Background

With its lack of arable land, and in any case its climate not
permitting the successful cultivation of beet or cane, the
provision of sugar to the foodatuff industry for a growving market
is a severe problem for the Government of DPRK. The Government
has therefore encouraged the investigation of alternative sources
of sveetening material.

A major initiative wvas the establishment, in 1979, of a Stevia
research programme in the Foodstuff Research Institute of the
Light Industry Academy of Science in Pyongyang, curremtly in
association with the Korea Rakwon Jesam Trading Corporation.

The Government of DPRK therefore requested help in development of
Stevia processing by a letter of 17th July, 1987 from the Deputy
Director-General, Fifth Department, Ministry of Foreign Trade.
The subsequently-prepared project description is attached as
Annexe 1.

Stevia rebauadians (Bertoni) Bertoni, the source plant for this
astudy, is a shrubby peremnial plant, originally introduced into
DPRK from Paraguay via Japan. It produces a range of diterpene
glycesides vhich have the property of being exceptionally sweet
in taste. These compounds may be extracted from the leaves and,
vhen purified, used in low concentrations in foodstuffs to
replace sugar. Por example, it is used at a level of 0.1X
stevioaide in fruit-flavoured fruit drinks.

One tomne of Stevia leaver contains about 50kg of stevioside, the
main principle (vhich, being 200 times as sveet as sucrose, is
equivalent with about 10 tomnes of sugar), and ca 20kg
rebaudioside A (vhich is 300 times as sveet as sucrose and has a
more pleassnt taste than has stevioside) vhich is sc equivalent
wvith ca 6 tonnes of sugar. Other minor sweet components are also
present. Since about 2 tnraes of Stevia leaves may be harv:isted
per hectacre, the tota? eetening potential of Stevia is about
40 tonmnes sugar equivs cnts/hectacre, compared with 4-5 tomnes
sucrose/hectacre from beet or cane. Structures of some Stevia
glycosides are showvn in Annexe 2.

Internationally, Stevia sveeteners are used extensively in South
America (Paraguay and Brazil) and Japan. Recent estimates put
the production of stevioside in Japan at about 1000 tommes/year.
Furthermore, no adverse effects have bdeen reported from the use
of Stevis products in human foodstuffs.

It is thus highly desirable and economically sound to cultivate

Stevia leaves and extract the sveetening agents for use in the
foodstuff industry in DPRK and as a material for export.

Scientific background
The products under study in DPRK

Tour different 3Stevia products are currently under investigation
in DPRK:
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Stevia leaves are extracted with vater, partially purified
(either by a lime-process or electrochemically and by
ion-exchange chromatography) to give a yellovish-green solution
containing about 2% dry matter of which ca 60X is sweetener
compounds. One L of this dilute solution has a swveetening power
equivalent with ¢3 2 kg sucrose. It is either used as such or,
more frequently, concentrated under vacuum (see 3.2) to give a
more concentrated extract with a total swveetening power of c3
17kg sucrose equivalent/L. The solution in certain food industry
applications, particularly soft drinks. It is subsequently

referred to in this report as PARTIALLY PURIFIED STEVIA EXTRACT.

Alternatively, this latter material may be purified by adsorption
chromatography and dried to give a yellovish solid containing ca
74% of sweeteners. It is further purified by crystallisation
from 95X methanol to give a colourless solid, said to contain ca
90X stevioside. The impurities are mainly rebaudioside A and
other minor swveet compounds together with other polar organic
molecules. This is the material known in SPRK as, and
subsequently referred to in this report as, SIEVIOSIDE.

The mother liquors from this crystallisation are recrystallised
to give another colourless solid said to contain ¢ 90%
rebaudioside A. The impurities are mainly stevioside and other,
cnknovn, materials. This is the substance known in DPRK as, and
subsequently referred to as, MONOSIDE.

The mother liquors from the second crystallisation may then be
subjected to an enzymatic process (see below) to yleld a
yellowish solid containing a complex mixture of mainly mono- and
diglucoaylated stevioside derivatives (about 50% in total), the
remainder being polyglucosylated products and some unreacted
sveet glycosides vith other non-sweet polar organic substances.
This is the material known in DPRK as, and subsequenlty referred
to as, ALPHASIDE.

Comments on the production of ALPHASIDE

Since rtevioside has a somevhat bitter taste vhereas rebaudioside
A has not (its sensory behaviour very closely approximating to
that of sucrose) and i3 in any case 1.5 times as sveet as
stevioside, a programme vas initiated to attempt the synthesis of
rebaudioside A from stevioside, so increasing the total
sveetening pover available from the leaf extract and at the same
time improving the quality of the taste.

Straightforvard chemical synthesis is not possible since there is
no means of exclusively directing the glucose moiety required to
the specific site f. the x-sugar (position 3) on the existing
disaccharide chain in stevioside. An enzymatic transformation
vas thus proposed.
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The first task of the Stevia research programme was thus to
locate a source of the enzyme capable of performing this
transformation. To do this, many soil samples from lcoations all
over DPRK wvere obtained. These were tested for their ability to
undertake thisoa -glucosylation reaction. Bacteria contained in
the promising samples were isolated and from these one vas
selected for further stvrdy and a Bacillus strain wvas isolated.

The product of the reaction vas however found to be not the
desired rebaudiocside A but a range of nev substances, having ...
extra glucose residues ip thel -sugar of the disaccharide
(attached at C-13) and also tlie single glucose attached to C-19
in stevioside. Organoleptic assessment of this mixture showed it
to have a desirably sweet taste (not bitter) but less intense
than that of stetioside.

Nonetheless it is the wish of the Covernment to develop this
process to the pilot gcale in order to use the residue from the

production of STEVIOSIDE and MOROSIDE.
Ihe degree of insutrialisation

PARTIALLY PURIFIED STIEVIA EXIRACT is produced on an industrial
scale in various food processing factories all over DPEK and is
used in local food applications. SIEVIOSIDE, MONOSIDE and
ALPHASIDE are produced only in the §Stevis research project of the
Poodstuff Research Institute. Batch-wise production of
STIEVIOSIDE and MONOSIDE has been successful on non—continuous
processes starting from ca 20kg batches of Stevis leaves.
ALPHASIDE has been produced in very small, experimental
quantities only.

Buildings and laboratories.

The Foodstuff Reseaich Institute comprises a tvo storey building
vith 3 laboratories of an area of cg 50m2 on the ground floor
and offices on the first floor. The laborutories are equipped
with tiled benches and concrete floors and are serviced with
water, drainage and electricity.

More details of the equipment in place is provided below.

The pilot-scale facility is & separate building of total area
480m* comprising mainly one room about 4.8m in height. This is
serviced by water, drainage and electricity. A small boiler
provides steam.
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A small room to the side serves as a microbiology laboratory and
a large cupboard provides incubating space for 2 oscillating
shakers, each capable of holding 24 250ml flasks. Heating is by
means of an infra-red lamp but no fine control of conditions is
possible.

Rersonnel and activities

The Foodstuff Research Institute employs in total 207 staff (113
scientifically trained). Of these, the Stevis research programme
includes about 2t sgtaff including 3 chemists, 3 food science
technologists, 2 acteriologists and 3 chemical engineers.

In addition to the Stevia work, other activities of the Food
Research Institute include studies on millet, tobacco and frait
and vegetable processing.

Stevia research pian and activities

The study began with a plant breeding programme, carried out dy
staff of the Central Botanic Garden, Pyongyang, vho have achieved
the effective selection of a high-yielding strain: total
sveetening componenets 11.5X including 6.7X% stevioside and 3.9%
rebandioside A, at the saae time mininising the level of the
bitter material rebaudioside C (or dulcoside B, 0.86%).

This strain is now being cultivated in every country of DPRK and
the Government has undertaken a programme of cultivation and the
production of 10000 tomnes Stevig leaves. Curremt production
ssid to be about 2000 tomnes per year from the cultivatiom of
1000 hectacres around the coumtry.

Laboratory scale research has been undertaken to optimise
conditions for the extractiom and purificatiom of Stevis extract
and purified components, uveing very small scale equipment
(sufficient for the processing of ¢g 1 kg leaves). This has been
successfully (in part) transferred to larger scale: novw, batches
of 20kg leaves can bde dealt with using a batch-wise process
described below, but transfer between wmit operations is poor.
Considerable difficulties vith the transglucosylatica reaction,
principally due to problems in the scaling up of the bacterial
grovth chambers. Pilot scale squipment has been comstructed for
the growth of bacteria and the isolation of the derived enzyme
(capacity of initial growth chamber 200 L and that of final
grovth chamber 1000 L) but this has failed to produce acceptable
results.

Details of the optimised processes are explained below, together
vith details of the successful industrial process for the
production of PARTIALLY PURIFIED STEVIA EXTRACT.
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3.1.7

Analvsis

Analytical procedures in the laboratories devoted to the Stevia
research programme use standard techniques. Assessment of the
purity of Stevia extracts and isolated products is difficult
because of their highly polar nature and the close similarities
betveen the derivatives. Currently this is attempted bu the use
of thin-layer chromatographic methods (silica gel Chromorods SII;
CHC13:MeOH:H20 (30:20:4) as solvent) vhich can only give

partial resolution of the individual substances. Quantification
is achieved by analysis using an IATROSCAN TH-!0.

Extraction

Dried (13.5% moisture) Stevia leaves arrive by truck from the
fields vhere they have been dried in the sun for about 7 days in
thin layers spread on mats laid on the ground. The usual harvest
time is October. They are extracted in batches of ¢g 20 kg into
hot water (50 - 60°) for 1.5 ~ 2 hr in open vessels (¢ca 1 m in
dimmeter). The dark brown-green liquid is transferred in
aliquots uaing stzinless steel buckets to be filtered through
cloth and the filtrate is similarly transferred for further
purification.

Purification

The filtered extract is acidifled with comcd HCl to pH 3 and
transferred to open el-<trolytic chambers (ca 50 x 50 x 50 cm) to
be purified by the passage of 5v (3 - 4 amp/L for 20 - 30 min)
betveen a series of 19 parallel Al electrodes (ca 40 x 40 x 40
cm) placed 2.5 cm apart at 40 - 50°, during vhich the ol rises to
ca 6. The material is then transferred as before to a stainless
steel filtration vessel and filtered through cloth. The filtrate
(light yellow in colour) is passed, under gravity, through a
column c3 1 m high (1.d. 15 ca) of Amberlite IR 120 (BY) and
then through a similar column of Amberlite 45 (OH~). The pale
yellov solution (of the PARIIALLY PURIVIED STEVIA EXIRACT) is
then selectively absorbed onto Diaion HP 20 resin in a similar
wvay and the eluate is rejected. VWhen the resin is saturated
(assessed by taste of the eluate), passage is stopped and the
crude Stevia glycosides are desorbed by elution with 50% EtOR (3
x the volume of the bed). The alcohol is removed by vacuum
distillation (60°) to give a slightly yellowish solid.

Crystallisation

This material is dissolved in 95% MeOH (using weight of solvent §
x that of solid) at 60°, filtered, cooled to ca 10° for about 1 -
2 days, vhereupon colourless crystals of SIEVIOSIDE form. These
are ssparated from the supernatant liquid by batch-wise
centrifugal separation and dried st 80 - 100°. The purity is
said to be ca 90%, the main impurities being rebaudioside A and
other svest and non-sveet organic substances,
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A second, identical crystallisation of the mother liquors from
the above process (without addition of further solvent) is said
to produce another crop of crystals, this time of MONOSIDE.
Again, the purity is claimed to be 90X, the main impurities bdeing
stevioside and other sweet and non-sweet organic molecules.

The mother liquors from the second crystallisation are used as a
substrate for the transglucosylation reactiom.

Iransglucosvlation

The process for this reation is a very complex procedure to be
undertaken in DPRK.

Belov are details of the laboratory scale process.

The pure atrain of bacteria is grown up (media and growth
conditions in a 25C ml flask having been optimised): maize starch
2%, corn steep liquor 0.6%X, K;HPO, 3.1X, Mg3S0,4.7H0

0.02X, NapC03 0.07% at 35 - 40 for 32 hr. An additional

0.03X NajCO3 is then added to maintain the pH near to 10 and

the culture maintained for 72 hr, after which time no more enzyme
is liberated to the medium and the titre of the medium is about
40 u/ml (1 unit being defined as that quantity of enzyme capable
of effecting the transglucosylation of 1 micromole
stevioside/min). The liquid is then filtered with the aid of
kieseguhr to yield the enzyme-containing liquid.

At the same time, starch is digested to provide glucose vhich is
then reacted with the enzyme-containing fluid and by centrifugal
separation to remove unreacted starch, a solution containing a
transglucosylation enzyme/glucvse complex is obtained. It is
stored at 4°, the actitity again being monitored by the complex’'s
ability to perform the transglucosylation reaction. Laboratory
conditions for the above preparatory processes have been
optimised.

The complex is then added to another vessel containing more
hydrolysed starch solution and malt extract and to this, the
dried mother liquors from the crystallisation of MONOSIDR
(prepared by evaporation of the methanol and vater under reduced
pressure) is added. The reaction is allowed to proceed for 12 -
13 hr. VWith a 6 fold excess of transglucusylation enzZyme
complex, the degree of reaction achieved is about 70 - /5%. The
solution is boiled for 10 - 20 min+to stop the reaction, filtered
and then the liquid is selectively absorbed on a column of HP 20
resin. As before, all sveet glycosides are i{nitially absorbed
but, by careful adjustment of the flov rate, the
transglucosylated products (vhich have a lowver affinity for the
resin than do the unreacted (more polar) compounds) are desorbed
in favour of the latter.
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The early eluate from the¢ columm is thus a solution containing
principally the transglucosylated products. When unreacted
material is detected in the eluate, pre-colation is stopped and
the eluate is concentrated under reduced pressure to give a.
yellowish solid known as ALPHASIDE. Elution of the colummn vwith
S0X EtOH provides a solution of unreacted starting material vhich

zay be recycled.

The ALPHASIDE is hygroscopic and typical analytical results are
shown in the Table below:

Composition of transsglucosvlated product

transglucosylated products %
polyglucosylsteviosides 6.0
triglucosylstevioside 16.0
diglucosylsteviogide 25.0
monoglucosylstevioside 22.0

unreacted products

rebaundioside A 11.5
rebaudioside C 6.0
stevioside 7.0
rebaudioside B 2.4
dulcoside A 1.8
steviolbioside 2.1
hydrolysis products 0.2

It can be seen that transglucosylated products account for about
70% of the total.

It sust be emphasised that the conditions described above have
been optimised only ox a laboratory scale (initial culture vessel
capacity 250ml).

A schematic of the existing process at the Foodstuff Research
Institute is attached as Amnexe 6.

STATE OF INDUSTRIALISATION

Of the 2000 tonnes Stevisg leaves curremtly produced in DPRK, 50%
is processed in small units (ca 10 - 20 tonnes/yr) throughout the
country. The bulk (1000 tonnes/yr) is handled at the
purpose-built factory at Sam Suk District, about 15km east of
Pyongysng, in a region of considerable Stevig cultuvation. It
has a staff of 21, working 24 hr/dsy in 3 shifts of 7.

raction here uses a continuous, screv-type extractor vith a
jacketed extraction pipe of 60 cm diameter which raised dried
leaves against a current of descending vater at 60°.




Contact time is about 90 min at a rate of 150 kg/hr. The e~tract
so produced (500 - 600 L/hr) is stored in 2000 L vessels before
being digested vith lime at 40 (pH}10). After vacuum
fileration through cloth, the extract is passed through towers of
cation then anion exchange reain at 50 L/hr. The total sweetener
content is about 1X vhich is raised by vacuum concentration at

80 to 10%. Thia solution is the comamercial product - PARTIALLY
PURIFIED STEVIA EXIRACTI. It is about 17 times as sweet as solid
sucrose and the solution is packed in 50 L plastic drums for
shipment to soft drink processing factories.

The most significant factors about this factory are (a), since
the equipment is of mild steel, the quality of the product is
poor - very dark in colour due to dissolved irom and (b) a lime
purification is used. Because of the lability of the sweetemers
at high pH values, this is kept as lov as possible ( 10) and
this leads only to gartial purification.

Quality coatrol at the factory wvas achieved by a simple method of
hydrolysis, extraction in chloroform and gravimetric
determination. I :-process controls were non-existent.

The factory was not operating during the visit of the Consultant.
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5.1

5.1.1

Congultant's activities

The Consultant spent his time in DPRK in detailed and intemsive
discussion vith personnel of the Stavia ressarch programme,
Poodstuff Research Institute, visited the Institute's
laboratories and pilot scale facilities on a nmber of occasions
and made one visit to the Pyongyang Sam Suk Factory (see Job
Description, output 1). He studied in depth the laboratory and
diascussed problems with staff and sade a number of practical
suggestions (see 5 and 6 below; output 2). He was able to obtain
a thorough understanding of the work of the Stevia research
programme and its proposed pilot scale project and s0 establish
the required scale of the bemch/pilot extraction and purification
facility and thus produce the required process flov sheet (output
3). He vas also able to make very detalled and specific
recommendations vith regard to the pilot acale transglucoiylation
facility itself (output 4).

Buildings and laboratcries

The analytical laboratory is an adequate facility, sufficiemntly
vell serviced with water, drainsge and electricity and hed the
air of being vwell-run. Analytical equipment was however
inadequate for work on the polar Stevia glycosides, the reliance
on thin-layer chromatographic separstion being inappropriate.
However, the existing equipment did give vorkable results and was
operated as efficiently as possible given the prevailing
shortages of consumable items.

The pilot laboratory vas a sound building but servies vere
inadequate. No steam line was available, nor wvas a piped cooling
system. Pumps vere fev and unsatisfactory. Equipment for ‘-
continuous pilot scale extraction work (such as jacketed vessels
for extraction and evaporation), condensers, pumps, resin towers
of appropriate size, etc. wvas not present. All development was
extemporaneous, the transfers by hand betveen unit operatioas,
using stainless steel buckets, being partially unsatisfactory.

.-
-

The microbiology laboratory vas also entirely unsatisfactory.
This is not surprising since at no time in the early stages of
the research programme did the need for on seem likley and so its
later provision vas an afterthought vhen the need for a
microblological stage vas seen. Thus no provision for clean air
had been made, incubation facilities were primitive and growth
conditions were therefore not controllable. Contamination wvas
very likely to occur under these conditiomns.
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Personnel and activities

The senior scaff of the Stevia research programme wvere hard
vorking and extremely capable. Much effort had obviously been
put into the success of the project by the seniot sciemtific
officer vithin the limitations of his facilities. He wvas aleso
cogniscent of recent developments in Stevia processing by careful
study of the foreign scientific literature. The junior staff
vere also capable and the laboratory wvas well-run. Every
assistance vas given to the Consultamt.

Stevis research plan and activities

The activities of the Stevia research programme have been carried
out in a logical samner. Laboratory scale atudies were carried
out meticulously and gave consistent results. The method for the
production of PARTIALLY PURIFIED STEVIA EXTRACT has been
succesafully transferred to the food pmmiu inlhntty (m
5.2) and those for the preparation of STEVIOS ONOS1ID
the batch-wise pilot (ca 20 kg) in the former proem The staff
are hampered by lack of equipment on all levels.

With regard to the enzymatic process, small scale work had been
partially successful (but not in the original aim of converting
stevioside to rebaudioside A) and on this basis, some pilot scale
equipment had been cmastructed with intermediate and final growth
chamber capacities of 200 L and 1000 L respectively (sufficient
to process the output of 50 kg batches of §Stevia leaves at a
total level of 15 tonnes/yr). HNone of this equipment was of use
however because of two reasons: (a) the lack of intermediate
scale fermentation equipment in order to optimise growth
conditions in deep culture (abortive attempts had been made to
transfer directly from the 250 ml scale to 200 L and then to 1000
L but this wvas without success), and (b) the total lack of
control over the growth conditions (pH, temperature, aeratiom,
agitation, etc.).

Analysis

Withia the existing limitation of equipment, analytical
procedures are adequate. Not enough attention has however been
paid to gquality of the final products and in-process controls.

Extraction

The process for extraction on the pilot scale is satisfactory but
wvasteful. No real possibility of exhaustive extraction is
possible without s continuous extractor. Again, adequate
temperature control is not possible without jacketed vessels.

The transferance to purification steps is wnsatisfactory and a
pumping system is urgently required.




5.1.6 Purification

501'7

501.8

Stevia glycosides are unstable under strongly alkaline conditions
80 traditional lime-based methods of imnitial purification are not
entirely satisfactory. The electrichemical method currently
adopted at the Institute is efficient and in line with
international practice (Japanese patents exist for the process)
but is hampered by lack of suitably sized chambers. Filtration
is acceptable but should be facilitated by the provision of
suitable pumping equipment. Subsequent ion exchange
chromatography is also appropriate but again lack of equipment
causes difficulties and losses.

Crvstallisation

No suitable crystallising vessels vere available, nor wvere means
of heating, cooling or filtering of the solutions. A ceatrifugal
separator vas in use and this is adequate. Suitable scale
equipment for the drying of the products and for recovery of
solvent wvas not present.

The Consultant vas not convinced by the analytical results
presented that the two stage crystallisation process is as
selective as described. Lack of suitable analytical equipment
prevented further on-the-spot investigatiom but in any case
totally inadequate quelity control to ensure batch-to-batch
consistency had been attempted. Neither had attempts been made
to improve the quality of the final crystalline products by
recrystallisation. The claimed 90X (with no declaration
concerning the nature of the impurities) is wholly unacceptable
internationally.

Iransglucosvlation

This is an ambitious project and the Consultant has severe doubts
about its economic viability. The table belov shows that the
extra yield to be obtained by the extremely complex procedure is
of the order of only 20X of the total.

PBotential (theoretical) vields of Stevia sweeteners using
existing process

1 tomne of dry Stevia degree of . etness sucrose equivalent

leaves could yield compared with sucrose tomnes (%)
54 kg SIEVIOSIDE 200 10.8 (50)
20 kg MONOSIDE 300 6.0 (29)

37 ks ALPHASIDE 120 4.4 (21)




The product is a complex mixture (see Table in 3.1.8) and would
need to be spray dried (but one is not currently available) and,
using the bacterium currently employed, produced a material leas
sweet than stevioside.

In any case, transfer of conditions to a large scale from the
small laboratory scale investigated is impossible as is
industrialisation of this process.

If, on the other hand, an organiam capable of producing ani
enzyme for the conversion SIEVIOSIDE —»-MONSIDE were to be found,
it would certainly be worthwile investing in intermediate scale
growth chambers in order to optimise growth conditioms for deep
culture, prior to the design of a true and complete pilot scale
process. is the desirable product internatiomally,
having a considerably sweeter and more acceptable taste than
STEVIOSIDE.

-, .
Assuming that all the stevioside were able to be comverted to
monoside, the total theoretical yield of the desirable MONOSIDE
from 1 tonne Stevia leaves would be ¢ 74 kg, equivalent with
22.2 tomnes sucrose. Since there is an international market for
this latter product and not for the others, this suggested course
of action seems the most effective.
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5.2 STAIE OF INAUSTRIALISATION
The equipment of the factory it Sam Suk vas barely adequate.

Since there are considerable problems in the use of the
electrochemical purification method (but see below) on amn
industrial scale, this factory was operating using a more
traditional lime-based process. Thia is satisfactory for
base-stable compounds and can produce very effective
purificacions. With unstable compounds like the Stevia
glycos’des however, in order not to cause excessive
alkali-ir4duced decomposition, the lime concentration was kept
low and the temperature of the digestion was also low. This
had the effect of producing only a partial purification causing
the impurities to be carried through to the end product and
also considerable denaturing of the ion-exchange resins (the
subsequent process) with dramatic loss in efficiency.

Also, the use of mild steel vessels csused such discolouration
of the product and rusting of the vessels themselves.

Lack of in-process controls (particularly vith regard to
reagent specifications) and end-product quality controls vas
very evident. The analytical procedure used wvas inadequate
since it wvas not specific. No control over final impurities
wvas carried out. The product would be wholly mccepuble
internationally.

A food processing factory at Vonsan has been equipped vith two
small electrochemical purification chambers as a trial.
Quality of the product is, as expected, considerably better
than that produced at Sam Suk bu quantities produced are very

small.
c. Consultant's recommendations
1 Activities of the Stevia research programme

1.1 Laboratory scale

The urgent provision of more appropriate analytical equipment.
There is an obvious need for high performance ligquid
chromatography, the only reliable method directly applicable to
both the routine and experimental analysis of Stevia glycosides.

This is needed for experimental and development work as vell as
being applicable to thae routine quality comtrol of samples
submitted from the factories of purified ~omponenets.

The staff of the Stevia research project could operate tlis
equipment without further training.




1.2

1.2.1

1.2.2

1.2.3

1.2.4

1.2.5

1.3

1.3.1

1.3'2

- 15 -

Rilot Scale

The provision of a continuocus pilot/bemnch scale (50 kg dried
Stevia leaves/batch) facility to replace the existing small,
batch-vise apparatus for the study of all the processes

ived in the prepartion PARTIALLY PURIFIED STEVIA EXIRACT,
SIEVIOSIDE and MONOSIDE. This would require all equipment from
the jacketed ext:iaction vessel to drying equipment for the
final products and solvent recovery.

Only vhen this is provided can real development work be carried
out to enable the more efficient processing of Stevis leaves to
be conducted throughout the coumtry.

More thorough attention must be paid to in-process controls,
particularly reagent specifications, including water.

More thorough attention must be paid to the precise conditions
for ion-exchange chromatogrphay, esecially flow rates and hence
optimal times for pre-colation, though this is dependent on the
provision of equipment in 1.2.1.

The quality of material presented to the international market
must be excellent and claimed purity must be substantiated by
detailed analysis of impurities. Quality control of the final
products is lacking at the moment and it is strongly
recommended that much more attention be paid to the factor,
though it is recognised that this is to a large exteat
dependant on the provision of analytical equipment detailed in
1.1.1.

Attempts should be made to increase quality by the
investigation of the introduction of a re-crystallisation step
as a final stage in the purification of SIEVIOSIDE and MONOSIDE.

Transglucosylation studies

The Consultant recomments strongly that the development work to
increase the scale of the enzymatic transglu~osylation reaction
be terminated, pending the successful outcome of more
laboratory scale studies in order to discover a convenient
source of an enzyme capable of carrying out the transformation
STEVIOSIDE —»MONOSIDE.

In the Consultant's opinion, pilot scale development for the
production of the ALPHASIDE mixture is not warranted on
economic grounds.




1.3.3

1.3.4

2.1

2.2

2.3
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Hence provision of a pilot scale plont for the production of
ALPHASIDE should be suspended, pendiny results of 6.1.3.1 Once
the source of an appropriate enzyme hac been found, then the
recommendation 1.3.3 should be followed.

That intermediate scale (13 and 30 L, of the type illustrated
in Annexe 8) fermentation vessels be provided, vhich will
enable fine control of growth conditioms in deep culture to be
made. This is essential for the successful transfer at a later
stage of the emzymatic reaction SIEVIOSIDE —MONOSIDE.

The activities outlined in 1.3.1, 1.3.2 and 1.3.3 will be
greatly facilitated by an injection of appropriate expertise
from sciemtist technolegists well versed in microbiclogical
fermentation and industrial scale enzymsatic processes. These
visitors could come frem eitner DFEK icself (from industrial
plants using deep culture such as for amylase productiomn) or
abroad.

Industrial process

If the lime-based process is to be continued in the factory,
considerable development work at the Foodstuff Research
Institute is required using this as a first step. Research
vorkers vere of the opinion that their studies (using a more
efficient electrochemical process) would be directly applicable
to the large scale; this is not the opinion of the Comsultant
since the nature and level of impurities differ between the two
processes. Thus,

More development work with a viewv to optimising the conditions
for the lime-process is required.

More development work to establish true optimal conditions for
the ion exchauge process is required, paying particular
attention to optimising concentration of solutions to be
purified, flov rates and time of use before regeneration of the
resin.

In particular, an improved system of in-process controls and
final product quality control should be established. In the
opinion of the Consultant, tle Stevia research project
laboratory could act as an appropriate analytical facility if
it vere provided vith apporpriate analytical equipment.

If it is the aim to introduce the electrochemical purification
step to the smaller scale factories, then more development work
is necessary, particularly with regard to improving the scale
of the electrolytic chambers with the eventual aim of arriving
at a continuous process.
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In the Consultant's opinion, this is at present a very long
term aim, and development work on the electrochemical
purification should de concerned only with the subsequent
production of pure atevioside and monoside (the latter perhaps
by enzymatic conversion in the future).

In any case, it should be the aim of the Government to provide
stainless steel equipment in the factory, a step vhich will of
itself go a long way to improving the quality of the products.

A process flow-gsheet is attached as Amnexe 7.

sSummary of recommendations

Clearly the production of Stevia swveeteners in DPEK is
currently on tvo levels.

First, there is the industrial production of the crude,
partially purified extract already in use in the food
industry. The preparation of this material is a relatively
simple process which could be improved by the provisiom of
better equipment and a system of in-process and quality
controls. Some development work at the Research Institute
could help overcome some of the current diffculties. With
improvements along these lines, the production should continue
and will be able to fulfill a need in the domestic market.

Secondly, there is the aim of the Stevis research project to
industrialise the production of stevioside and monoside in a
pure form. This is a laudable aim and has every possibility of
producing material for the international marker as vell.
Hovever, the resources for this study are inadequate. The
Consultant has suggested some specific analytical equipment.

He has also made a number of specific recommendations about the
organisation of this study. -

At the level of the enzymatic transformation, vhile the
Consultant agrees that in theory the enzymatic synthesis of
monoside is a valid aim, he camnot recommend the design of a
pilot scale plant at the moment for the production of this
slphaside mixture, vhich has no international sarket, as far as
the Consultant is avare, and is likely to prove highly
uneconomic ia production.

On the other hand, there is every need for the continuation of
laboratory scale studies to find a source of the desired
enzyme. To this end, considerable improvements are required in
the design of the microbiology lsboratory. Eventually, at the
moment of transfer to larger scale, bench-scale fermentation
vessels for deep culture are an sbsolute requirement,
othervise, as the staff of the Stevia research programme have
already found in trying to scale up the existing
transglucostylation process, insuperable difficulties will be
encountered,




The staff of the Stevia research programse, Foodstuff Research
Institute are to be congratulated on their achievements,
particularly bearing in mind that it vas only about 10 years
ago that the potemtial of Stevia swveeteners became
internationally recognised. If they are to succeed, howvever,
in their aim of industrialisation of the purified materials,
such more investment is required.
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1. Objectives
a) Development Objective
- Development of manufacturing of sweetening material from stevio leaves

replacing sugar, thus encouraging the basic food processing chemical
sector based on local raw material. -

b) Immediate Objective

- Development of production of stevioside and monoside by testing and
verifying the laboratory process established by the Light Industry
Scientific Institute, and designing specifications of pilot plants
to facilitate large-scale production in the loag-run.

2. Special Considerations

3. Background and Justification

DPR Korea produces only about 300,000 tons of sugar per annum. About
90 per cent of this production is consumed by the foodstuff induscry.

Arable land being limited, the country could not undertake programme for
development of sugarcane and beat. Besides, soil and climatic conditions of
the country are not tavourable for production of these raw materials for sugar.
With the development ic foodstuff industry, the demand for sugar is increasing
every day. The govermment is therefore encouraging use of alternative sweetening
materials particularly stevio plant juice.

The country {s growing stevio plancs from which annually about 2000 tons
of dry leaves are produced. The dry stevio leaves contains 6 to 7 per cent of
stevio fluid, and a cotal sweetening component of 10 to 11 per cent. 1In other
words, one ton of processed stevio leaves gives 50 kgs of stevio juice and
25 kgs of rebandioside 'A’ which are respectively 200 and 300 times sweeter
than ordinary beat sugar. This means 17.5 tons of stevio sugar would have the
sweetening effect of about 44 vons of ordinary sugar.

The Light Industry Scientific Institute has successfully developed at
laboratory scale a process of extraction of stevioside and monoside sweetener
by processing of stevio plants. The process includes ctransfer of alpha-
glucosylscevioside from stevio, separacion of stevioside and monoside,
crystallizacion of monoside, its successive extraction, the electrical and
chemical purificacion of scevio extraction and quantitacive determinacion of
stevio sweetener. (Please see attached technical data on processing of scevio)

cco/
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Based on the success of the laboratory scale processing, the govermment has
undertaken programme for p-oduction of 10,000 tons of dry stevio leaves/year and
established small demonst:iation units to emcourage production of stevio sugar in
every district. This is consistent with the established priority of the govermment

to develop basic food processing chemical sector industries based om the utilization
of local rav materials.

Light Industry Scientific Institute (LISI) has good technical personnel to design
the pilot plant once the process design is verified and established. It is also infor-
med that in the chemical laboratory of LISI the stevio sweetener now being processed
is quite extensively used and in the villages stevio leaves are boiled and used as a
sweetener. LISI confirmed that there is no health hazard for use of stevio and the
govermment therefore undertook a programme of popularising its use by setting up a
few pilot plants in the rural/semi-urban locatioms.

Before launching the programme, however, the govermment urgently needs assistance
to further test and improve the electrical and chemical purification process to ensure
quality of the products and design specifications of pilot plants to be installed under

this priority programmse. The govermment therefore requested for urgent UNIDO assistance
in this regard.

' Outputs

1) Tested and confirmed the process of electrical and chemical purification of
stevio extraction with recommendations for improvement of the process.

2) Designed specifications of pilot plant for production of stevioside and monoside
sveetener based on the process developed and verified.

5. Activities

Activities for Output 1 To be completed by

1.1 Tested and verified of the laboratory processing of stevio sweete- Month 1
ner particularly the electrical and chemical purification of extraction

1.2 Confirmation of the laboratory process and recommendations for Month 1
improvements, if any

1.3 Submission of che findings Month 1

Activities for Qutput 2

2.1 Designed a Pilot Plant specifications based on established Month 2
laboratory process

2.2 Submission of specifications and consultations Month 2

6. Inputs

a) Government Inputs

Nacional Scaff

At present 20 specialists of the Light Industry Sciencific Inscitute are working
in the project including 3 senior chemical researchers, 4 fooa chemists, 3 bacterio-
logists and 3 mechanical engineers.

This team would continue to work with the internaiionsl consultants for the
proposed UNIDO project.




Other National inputs

In addition, the government, among others, would provide office accommodationm,
transport, secretarial help and interpretation facilicies to the internatiomal
consultant.

b) UNDP/UNIDO Imputs

International staff

BL 11-51 Analytical chemist with experience in 2 a/m Uss$ 17,000
design of pilot plant specifications

BL 51-00 Sundries uss 100
BL 99-99 Project Total 2 n/m US$ 17,100

7. Evaluation Plans

The project will be subject to evaluation, in accordance with the policy and
procedures established for this purpose by UNIDO.

8. Proposed Work Plan

The following Work Plan has been tentatively established which may be
readjusted by the consultant in consultation wicth the government on arrival
at the project site:

- Approval of the project October 1987
- Fielding of expert October/November 1987
- Testing and verification of November 1987

laboratury process
Designing of pilot plant specifications December 1987

Final discussion and recommendations December 1987
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MINISTRY OF FOREIGN TRADE
DEMOCRATIC PEOPLE'S
« KEPUBLIC OF KOREA

# O. DOX S04, PYONEYANG
CABLE: MNCON, PYONGTYANS
TELER: S48 RP

Dear Mr.%Wiberg 13 July,1987.

Subject; Government Priorities for IDF and SIS Projects
For UNIDO finencing

Refecring to your letter of 25 June1987 on the above Subjects,government
prioriies on the IDF and SIS projects for UNIDO : financing are as follows;

IDF Projects UNDP_EYuis. iANG
TILE 3
J1- Improving Pulp and Paper 1till Operations _]ﬁ{%i'iﬁ‘l
of liyesen Plant . e
B, Assis uneeinsstabliduentofan W ""-f,".::
Experimental Pilot Plant for Milk ¢ ke 4 ° _]
Processing. DR=joc 3 |
o Salt Production from Sea Water. 7/ A '\.: L
/lo Gold ore Processing. IU]

Se Techno-economic study on the Estblishment ‘
' 7 of a Plant for Froduetion of Cryolite ACTION COMPLETED!
X 6+ Metrology

v 7. Improvment of Metallurgical Products Muality throurh Surface Pinish
: and Treatment ( Study Tour comnecting with SI/DRK/85/803 )

/-3. Sewage Disposal /

:"9. Iy ‘menching Technology for Coke Froductior.
7 7C. Folienat
212 Frojects

1+ Procezsing of Stevia / J 4, Liquified Peirclleuwn Gas v

/ 2. Cyclodextrine Process / 1 /5. Pre-engincering Study on the YHycsan

Pulp and Paper Mill.
7 3+ Aatibiotics '6. Acsistence in Femoving Rust from Vescels

Requested information By UKRILO on the above IDF anf SIS projects will be
provided to you as soon as possible,

, -
Yours Scnccrclv :,,

Deputl Diroctor General
Hr. Cari-"rik Wiberns £t Department of M°T
Rerid-nt Tanpazentotive Pyeamyang,
of Ui




17 July 1987

Desar Nr. Tandomn,

Many thanks for your lettewr—of—23 Jume, vith which wvas enclosed copy
of a letter Nr. Alexandrenns had writtem on 19 June to R.E. Mr. Choe Jong
Gan, Rinister of Foreign Trade.

In a meeting with Mr. Ban Tae Byok, Deputy Director-General of the
rifth Department, Ministry of Poreign Trads, on 14 July, to which I wvas
accompanied by Nr. Nelder, Deputy Resident Mepresentative, and Mr. Parooque,
UNIDO/JPO, we discussed, inter alia, DPRK Government priorities for IDF and
SIS assistance. In this regard, I am enclosing copy of a letter from Mr. Han,
dated 13 July, which contains Government priorities for IDF and SIS assistance.
As Mx. Han explained to me, priority and urgency should in this particular
context be regarded as more or less synonymous concepts, i.e. the mors urgent
activities are listed first. Incidentally, on the list of proposed IDF projects
numbering as many as 10, the Pilot Pruit Processing project (US/DRK/87/050) is
not included. Since this project has apparently already been approved for
Italian special purpose funding, Mr. Han did not think it necessary to include
it. However, we are keenly awvaiting your reply to our latest query as to the
status of this IDF project.

Mr. Han has promised to provide me with technical data and background

information for each of the newly proposed projects for IDP and SIS assistance,
respectively.

On the question of Government cost-sharing with ONDP, which was discussed
in the meeting Mr. Alexandrenne had with the Minister of Poreign Trade last
month, 1 was assured by Mr. Han that this is being actively considered by the

[7 - e * o0 L N ]
o =ive D
e e VM3 13:3¢
Mr. N.N. Tandon R i
Director ; - e e :
Area Programmes Division ‘ T
UMIDO REGISTIRY
Vienna, Austria
Meri 1FO Bs T Telephones P W Cobie sgdrem UKDEIVPRO Teles 500 ondp by

» X2 PYONCYANG




Government and he vwill presumably revert to me on this subject in due
tims. Cost-sharing would be required for the more “capital-intensive”
projects among those identified by the recent UMIDO mission, i.e. lique-
fication of coal, and energy conservation and diversification with
special reference to chmmical industries. There is also the non-metallic
beneficiation technology which would necessitate a suitable mix of IPF and
Government cost-sharing, should it be found necessary to embark on this type
of technology within the compass of the current IPF period. However, you

will please appreciate that remaining programmable IPP resources are
indeed very limited.

It vas a pleasure seeing you here in Pyongyang. Please convey my
sincere regards also to Mr. Alexandrenne.

Yours sincerely,

ml-%ﬁ'isz .h);;’ \

Resident Representative
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= Technical condition

I. Extrretiom
i solvent nzo
teaperature 50 - 60 ¢

2. Purification

I) Electrochenical Purification

Electrode Al
valtage 5v
t.p.rltm 40 -5C'C

2) Purification by lon-exchange rasin

kind of resin
cation A~berlite IR-I20
anion Arberlite IR-45

3. Concentration
temperature 60°'C cr belov

4e Crystallization

solvent c]|3 GH

- tesperature 10°C or below
time (Stevioside) I - 24

(Monoside ) 3 -44d




temperature 80 - 100’ ¢

2) Alphaside

= Spray dryness
teaperature

input of tover 150 - 160 *C

output of tower 90 - 100 °*C

6. Calture of bacteria

kind of bacteria Bacillus sp.I>. 825

temperature 35 - 40 ‘e
time 2-34

7. Transglycosylation

Amount of enzyse (per I g stc-ioside) 40 unit
Asount of starch (per I g stevioside) I-2g
temperature 50 - 60 'C

8. Separation of Alphaside

kind of resin

Dia ion RP - 20




Product Stevioside 'onogide

chemical name stevioside

Formula of molecular c” HGOOIB

"1.1."70023
Weight of molsculgr 805 267
Purity, X or more 90 90
Nonglycosylated
stevioside, % or below = =
Moisture, % 6-8 0.8
Taste sveet gocl sweet

Degres of sueetness
to Sugar

Rel ~udioside A

-Malmtmmpoprtyofthesummm

Alphzzide

@=Clucrsylstevio-
side

10

good sveet




% ANNEXE 2
] v/
@ R.0.B. Wijesekera/la

w 11 November 1987

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

JOB DESCRIPTION

SI/DRK/87/802/11-51

Past tide Consultant in Analytical Chemistry and the Chemical Technology
of Natural Products

Duraticn +2 man months (including upto 2 weeks home-base work as needed)
Date required ASAP
Duty station Pyongyang (Foodstuffs Institute of Light Industry Science)
Purpose of project i) to develop a scalefup process for the production of stevioside

derivatives based on the laboratory scale processes already
established;

ii) establish the appropriate design and specifications for a pilot
plant to facilitate large scale production of stevioside and its
derivates.

Duties : The consultant, among others, is expected to:

1. Evaluate in detail the information and results available at the
Light Indusctry Science Institute (LISI) Pyongyang on processing
of Stevio and compare it with international experience and
standards, wich a view to commercialising the process.

2. Participate in evaluating and improving che laboratory scale
excraction of the plant material from Stevio spp. and che N
separation and purification of stevioside products.

3. Prepare the process design including process flow sheet for
a bench-scale unit for stevio extraction. .

4. Prepare a drawing of the process design thus established for
piloc plant operation for processing of stevioside and related
products and recommend the most appropriate design and
specifications for a pilot plant.

The consultant will also be expected to prepare a report covering
the avobe activites with appropriate recommendations for further action / :
by the Government. Trethes

Applications and communications regarding this Job Description shouid be sent to:

Project Personnel Recruitment Section, Industrial Operations Division
UNIDO, VIENNA INTERNATIONAL CENTRE, P.0. Box 300, Vienna, Austria

- o SR
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Qualifications Chemist of Chemical i.-inologist with extensive experience in
processing of natural raw materials by extraction techniques
with a specific knowledge of analytical requirements ard prepa-
ration of specification of pilot plants.

Language English

Background information DPR Korea produces only about 300,000 tons of sugar per annum.
About 90 per cent of this production is consumed by the foodstuff industry.

Arable land being limited, the country could nct undertake programme for development
of sugarcane and beat. Besides, soil and climatic conditions of the country are not
favourable for producticn of these raw materials for sugar. With the development of
foodstuff industry, the demand for sugar is increasing every day. The Covernment is
therefore encouraging use of alternative sweetening materials particularly stevio
plant juice.

The country is growing Stevia rebaudiana from which annually about 2000 tons of dry
leaves are produced. The dry stevio leaves generate 6 to 7 per cent of stevio extract,
and a total of 10 - 11 per cent sweetening principles. In other words, one ten of
processed stevio leaves gives 50 kgs of stevio extract and 25 kgs. of rebaudioside 'A’
which are respectively 200 and 300 times sweeter than ordinary beat suger. This means
17.5 tons of stevio sugar would have the sweetening effect of about 44 tons of ordinary
sugar. Stevioside and extracts have been widely used in Japan since the mid 1970's as
sweetening agents, tast modifiers and sugar substitutes, and there have been no reported
adverse effects.

The Light Industry Scientific Institute has successfullydeveloped at laboratory
scale a process of extraction of stevioside and monoside sweetener by processing of
stevio plants. the process includes transfer of alpha glucosylstevioside from stevio,
separation of stevioside and monoside, crystallization of monoside, its successive
extraction, the purification of the stevioside and the quantitative determination of the
sweetening effect.

Based on the success of the laboratory scale processing, the government has under-
taken a programme for production of 10,000 tons of dry stevio leaves/year and established
small demonstration units to encourage production of stevio sugar in every district.

This is consistent with the established priority of the government to develop basic
food processing chemical sector industries based on the utilization of local raw materials.

Before launching the programme, however, the government urgently needs assistance to
further test and improve the purification process to ensure quality of the products, and
design specifications of pilot plants to be installed under this priority programme.

The Government therefore requested for urgent UNIDO assistance in chis regard.




. 0-glucose~glucose (2-»1) N

Coz—-glucose STEVIOSIDE

L

; o-glucoclle-glneose (2=-1)
glucose (1—3)

"5 Co  -glucose REBAUDIOSIDE A




7.

United Nations Development Programme, Pyongyang,

WIBERG Carl-Erik, Resident Representative
FAROOQUE Imran, Junior Professional Officer

Ministry of Foreign Trade
HAR Tae Hok, Deputy Director General, Fifth Department

Korean Rakvon Jesam Trading Corporation

LI Chung Ui*®, Manager, Foreign Trade Department
KIM Gui Hyom, Vice-Director

KIM Quong Ha®*, Manager

Foodstuff Research Industrial INstitute

KIM Tong Su, Director
KIM Te Qu, Chief, Stevia study project

Central Botanic Garden

IM Rok Je, Director
RO Che Min, Research Scientist

Sam Suk Stevia Factory

XIM Te Ha, Manager

KIM Quong Ha*, guide
LI Chung Uiz®, interpreter




-38-

ANNEXE 5
REFERENCES

Current structure of stevioside as a sveetening agent for human use,
Kinghorn, A.D. and Soejarto, D.D., 1985, in Economic and Medicinal Plant
Research, I, Academic Press, New York.




SCHEMATIC OF PLANT FOR STEVIA EXTRACT

PRODUCTION

2.3, ney

ANNEXE 7

s$2 # A
c1
UNIT NUMBER $1-3 D1 TK 1 F1 v1-2 c1-2 £ 1 P1-8
NAME Storage Sé;tm%e.' Tank Filter Vac. Rceivars] Columns | Evaporator Pumps
St+FReadrake t0 |Q = 5-600L/M 1
recrmicaL |Senae ?-so'c ¥= féx-’é’ L| Cloth type b <1atm | OtSOLIN | Pedeienmm
- - " n @'
DATA S23-szd br | ID. = 60cm oH= 10 Q= 5-600UN T= 80°C
fabys | ve1000 L _Batch P<1atm.
1- Leaves e digestion | Soid waste & | V 1-Extract. iR, | C-1 Cation 1EX| Extraict

CONTENTS |go3-Extract |LoaWater mixl o extroct  [Extract filtrate | v2-Bapcoam C-2 Anion [EX| Goncartrate | Various

NOTES

) Not o scale. 2 Noreqycias or stream haat ochange shown.  3) Dugicate tankege (eg TK 1) not shown, 4) D1 is
operated at 45° to rorizontal. % Coumn regeneration not shown. @) Column pumping raay be needed,




e NTER

x -r. -y e ~

MB X (&LA) 2 5. 0l

MSJR (—&R) 10 ~ !
MPF® (I4M) 50~1000/
ENABEREZE
Xoewnens

A AR ey BRI ERWR M
[

*it NESFLEZHNENRN  Tel (252) 7206~7 - 297
I EASEMEAPNNI4 32 Tel (87) 6 7 4 6

~—




- &1 -

Development Electrolytic Chamber




Various fermentation vessels
and filtration unit




Digestion and Distillation Vessels




Microbiology Labowatory

Incubator




- 45 -

Centrifugal separator




Sacks of dried Stevia
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Screw-type extractor
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Jon—exchange towers and storage
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General view showing

hopper (back LHS) , inclined extractor
(visuing to RHS), storage veseels
(front) and digestion vessel(Front RHS)
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General view

Showing filtration towers and
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