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DEVELOPMENT OF TECHNOLOGY
FOR PRODUCING SORBITOL
FROM WHEAT STRAW CELLULOSE

Abstract. The aim of the work is to develop an enzymatic technology for processing wheat straw cellulose for
the production of sorbitol by means of hydrolytic hydrogenation based on the use of a hybrid process.

Enzymatic hydrolytic hydrolysis and hydrogenation of wheat straw cellulose research have been carried out and
optimal process parameters have been developed. As a result, a combined (hybrid) hydrolysis-hydrogenation process
for production of sorbitol have been implemented. In this process, enzymes have been developed and tested for their
activity. The influence of the process time, the temperature of the test and the pH on the conversion of cellulose and
selectivity for sorbitol have been studied.

The developed technology will allow us to improve the traditional processes in terms of eliminating the nu-
merous stages of purification and isolation of intermediate products. It enables the realization of a single-reactor
combined (hybrid) process for the production of such a valuable chemical as sorbitol.

Key words: cellulose, wheat straw, hydrolysis, hydrogenation, polysaccharides, hydrolytic hydrogenation,
glucose, sorbitol, enzyme.

Introduction. The growing interest in the use of carbohydrate-containing agricultural plant waste,
rich in polysaccharides, determines the search for optimal methods for its processing [1, 2]. The main
criterion for processing these wastes is their cost, volume, availability and localization, as well as their
chemical composition and technological propertics. At the same time, the possibilities of using directly
microorganisms, enzyme complexes, chemical hydrolyzing agents for effective conversion of non-food
raw materials into digestible sugars [3].

The main factor restraining the processing of polysaccharides of wheat straw is the low profitability
of these industries, due to shortcomings in the preparation of raw materials, highly energy inputs and low
yield of the target product. This problem can be overcome when solving the problem of maximizing the
use of raw materials.

At present, there are no such industries in the Republic of Kazakhstan, which makes it difficult to
solve the problems of determining the prospects for introducing the scientific results obtained into
production. Therefore, the development of an acceptable technology for the depolymerization of carbo-
hydrate-containing plant raw materials is an extremely urgent task. Modern technologies for processing
cellulose-containing raw materials are extremely diverse. They differ in the type of feedstock, processing
processes, end products, and, therefore, are specific for use in different economic and regional conditions.
Direct combustion is the most widely used method of processing biomass (wood and wood waste, urban
solid waste, straw, etc.). It should be noted that even well-known technologies for the use of cellulosic raw
materials are being improved. The authors of [7-20] investigated the process of joint hydrolysis and
hydrogenation of cellulose.
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According to the statistical data of the Ministry of Agriculture of the Republic of Kazakhstan, wheat
is the leader among crops in terms of yield. Despite the fact that to date a number of measures developed
and implemented for the processing and utilization of wheat straw, most of them are unclaimed. In most
cases, it 1s used for feeding cattle and as litter to animals, the rest of it is plowed into the ground or burned
in the fields. Thus, this waste is a large-capacity, affordable and promising secondary agricultural pro-
duction resources in the Republic of Kazakhstan. The development of an integrated technology for the
processing of wheat straw to produce sorbitol will not only improve the ecological situation, but also will
provide raw materials and additional products for the industry.

Thus, the analysis of the literature showed that a significant increase in the number of scientific
publications devoted to the one-stage processing of biomass components, especially polysaccharides over
the last ten years, indicates the high relevance of the problem of its transformation into valuable chemical
substances.

The goal of this work is to develop a technology for enzymatic hydrolytic hydrogenation of wheat
straw pulp, in order to obtain sorbitol necessary for the food, pharmaceutical and chemical industries.

The development of such an efficient technology for processing wheat straw, with the possibility of
obtaining sorbitol, is an extremely urgent task.

Materials and methods. In the present work, studied wheat straw, which formed as waste in the
agricultural sector of the Republic of Kazakhstan. Previously investigated plant raw materials crushed and
sorted. For chemical analyzes, raw materials were used,were fractionated through a sieve with a particle
size of 2-3 mm.

The ash contents determined by burning the sample of raw materials followed by calcination in a
muffle furnace at a temperature of 600°C, the content of easily and hardly hydrolysable polysaccharides
determined by the method of Kiesel and Semiganovsky, lignin determined by the Koenig method in the
Komarov modification using 72% sulfuric acid, pentosans - determined on the content of pentoses in
hydrolysates of easily and hardly hydrolysable polysaccharides.

The analysis of the sugars carried out by the method of Bertrand and Maken-Shoorl, individual sugars
were determined on a liquid chromatograph HPLC; ShimadzuLLC10-ATVP, Differential Digital Detector
TEST-900, Luna Column Investigation of the process of enzymatic hydrolytic hydrogenation of wheat
straw in the presence of a complex enzyme preparations.

In this case, enzymatic hydrolytic hydrolysis and hydrogenation of each wheat straw cellulose sample
carried out in an aqueous medium (the active acidity regulated with phosphoric acid and was within the
range of 4.8-4.9 pH units).

The substrate concentration in all the experiments was 45.0 g/l. As catalysts, a composition of en-
zyme preparations used, introduced in an amount of 0.03 g of enzyme per gram of substrate at the start of
fermentation. To carry out the hydrogenation-hydrolysis process, the amount of wheat straw, enzymes,
phosphoric acid weighed accurately on the analytical scales and the necessary amount of water placed in
the fermenter. After a specified period of time, the process was terminated and analyzes were carried out
for the content of sugar alcohols and the degree of conversion of cellulose was determined by means of
liquid chromatography.

Results and discussion. Studies of the processes of enzymatic hydrolytic hydrogenation of wheat
straw cellulose in the presence of complex enzymes carried out. Dependences of the rate of enzymatic
hydrolytic hydrolysis and hydrogenation of wheat straw cellulose on the process time showed in table 1.

Table 1 — Dependence of the rate of enzymatic hydrolytic hydrolysis and hydrogenation of wheat straw cellulose
on the time of the process

T, Conversion Selectivity Selectivity Total output, Selectivity
min degree, % on sorbitol, % on mannitol, % % on glucose
1 80 32.0 1.9 1.0 214 19.1
2 160 371 2.9 1.4 335 21.8
3 240 54.0 3.6 1.8 46.1 35.0
4 320 457 3.0 1.6 40.0 333
5 400 44.6 2.3 1.3 36.7 311
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Table 1 shows the experimental data on the study of the regularities of the change in the rate of en-
zymatic hydrolytic hydrolysis and the hydrogenation of wheat straw from the time of the reaction. The
reaction time varied from 80 to 400 minutes. The optimal time for the process of catalytic conversion of
wheat straw in the conditions chosen by us is 240 minutes. Before this moment of reaction, the conversion
of wheat straw gradually increases, and after this index its values are within the margin of error. The same
pattern observed with the selectivity index for sorbitol. However, the selectivity for sorbitol and mannitol
is much lower than in chemical hydrolytic hydrolysis and hydrogenation. This explained by the prevalence
of the rate of the hydrolysis reaction over the rate of the hydrogenation reaction. This evidenced by the
high values of the selectivity on glucose (from 19.1 to 35.0%).

When studying the effect of the temperature of the process of enzymatic hydrolytic hydrolysis and
hydrogenation on the conversion of wheat straw cellulose and selectivity on sorbitol and mannitol, it
showed that, with an increase in temperature from 30 to 50°C, the conversion of wheat straw increased
from 12.7 to 42.7% (table 2). Selectivity on sorbitol with increasing temperature (30-50°C) increased from
7.7 to 17.8% and decreased to 7.0% with an increase in temperature to 70°C. The decrease in selectivity
for sorbitol due to the fact that at temperatures above 70°C the process of inactivation of the enzymes in
use takes place.

Table 2 — Experience temperature influence on enzymatic hydrolytic hydrolysis
and hydrogenation process of wheat straw cellulose

# L Conversion degree, Selectivity on sorbitol, Selectivity on mannitol, Total output,
K® % % % %

1 30 12.7 7.7 1.8 10.2

2 40 28.3 14.3 2.0 16.1

3 50 427 17.8 1.1 18.9

4 60 343 12.1 1.1 14.8

5 70 19.7 7.0 12 9.0

Table 2 shows the optimal temperature for experience is 50°C, as soon as in this temperature we ob-
tained maximum selectivity on sorbitol and mannitol.

During the study of the effect of pH (Table 3) on the process of enzymatic hydrolytic hydrolysis and
hydrogenation of wheat straw cellulose on conversion and selectivity for polyols, it was established that
the highest selectivity values for sorbitol-17.8% and conversion-42.7% were observed in when using a pH
value of 5.0. The change in the pH of the medium leads to a change in the degree of ionization of the
acidic and basic groups as the active center of the enzyme, and the substrate itself.

Table 3 — Effect of pH on the process of enzymatic hydrolytic hydrolysis and hydrogenation of wheat straw cellulose

4 OT, Conversion degree, Selectivity on sorbitol, Selectivity on mannitol, Total output,
C % % % %

1 4.0 15.2 75 12 93

2 45 30.0 11.3 12 12.5

3 5.0 4277 17.8 1.1 18.9

4 5.5 358 10.5 2.9 11.7

5 6.0 19.1 5.5 24 8.1

Consequently, a change in pH affects the affinity of the substrate to the active center of the enzyme
and to the catalytic mechanism of the reaction. The dependence of the rate of the enzymatic reaction on
the pH of the medium has the form of an extremum, since for each enzyme there is an optimum pH value
at which the enzyme exhibits the greatest catalytic activity (the optimum pH of the enzyme). The pH value
in the optimum corresponds to the best binding of the substrate by the enzyme and the highest catalysis
rate. In our case, this value 1s 5.0.
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Thus, we determined the optimal conditions for the enzymatic hydrolytic hydrolysis and hydroge-
nation of wheat straw pulp: pH 5.0, temperature 50°C, reaction time 3 hours.

Conclusion. Thus, we determined that the resource of wheat straw waste that we are interested in is
quite sufficient for further implementation of the task. The effectiveness of a complex of enzymes for
carrying out the process of enzymatic hydrolytic hydrogenation of cellulose of wheat straw substantiated
and experimentally confirmed for the first time. The optimal conditions for the enzymatic hydrolytic
hydrolysis and hydrogenation of wheat straw: pH 5.0, temperature 50°C, reaction time 3 hours are
determined.
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BUJAN CABAHBI HEJLTIOJO3ACBIHAH COPBUTTI AJTY TEXHOJOTHACHIH KACAY

AnnoTtamust. ’XyMbICTBIH MaKCaThI — YIUIECTIPIITEH (THOPHATI) TOCLTIHE HETI3ACITeH Onail cabaHbl LEIUIFOI0-
3aCBIHAH COPOMTTI THAPOIMTHKAIBIK THAPJICYAl KOJIJAHA OTHIPHIN (EPMEHTATHBTI OHACY APKBLIBI aly TEXHOJO-
THACHIH jkacay. PepMEHTATUBTI THAPOIUTUKANBIK THAPICY sKOHE OmAai cabaHbl IEIUIFOIO3aCHIH THAPOIUTHKAIBIK
THOPICY YPAICTEpi 3epTTEIAl, YPAICTIH THIMII MapaMeTpiepi sKacaism amsrHAbL. HoTmkecinae 6i3 CopOUTTI amy AbIH
yinecTipinareH (THOpUATI) THAPOIM3-THAPICY IiCiH icKe achIpabIK. OChl YpIIC YIIiH ()epMEHTTEp XKacalapl, OJap-
JBIH OCJICCHAUTIKTEPl AHBIKTATABL YPIICKS VAKBITTBIH OCCPi, TEMIICPATypa KOHE ICIUTIOI03a KOHBEPCHACHIHA pH
acepi, copOMT OOHBIHIIA TaHJAMA >KacanmbIHIABL bi3 »acam ImbIFapraH TEXHOJOTHS JOCTYPIIK YpAIC OapbICHIHAA,
KONTCTCH Ta3amayjap MEH Oefinm anynapaa maiina OOMaThH apaiblK eHiMaepai OommeipMmaiinel. O 0i3 yoriw, Oip
PCAKTOPITBI YIUICCTIpiATeH (THOPHATI) YPAICTI KOXIAHBIN COPOUT CCKIAMI KYHAB XHMISUTBIK 3aTThHl ATyFa MYMKIiHIIK
ocpeni.

Tyiiin ce3aep: Ougai cabGaHbl, THAPOIN3, NEILTION03A, THAPICY, MOJIUCAXapUATTED, (PEPMEHTATHBTI THIPOIIH-
THKAJIBIK THAPJICY, TIIFOK03a, COPOHT, PepMCHTTED.
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PA3ZPABOTKA TEXHOJIOI'HH INTOJYYEHHUA COPBUTA U3 NEJII0JI03bI COJTIOMBI NINEHUIIBI

Annoramus. Lens paboTer — pa3paboTka (PEPMCHTATHBHOHN TEXHOJOTHH MEPEPAOOTKH IICILIFOIO3BI COJIOMBI
TIIICHUOBI I TTOJYUCHUSI COPOUTA MOCPEACTBOM THAPOJMTHYCCKOTO THAPHPOBAHWS, OCHOBAHHOTO HA HCIOJB30-
BAaHWH COBMECIICHHOTO (THOpPHIHOTO) mpouecca. [IpoBeneHs! HCCIeA0BAaHMS MO M3YUCHHIO Iponecca (pepMEHTTHB-
HOTO THIPOJHTHYCCKOTO THAPOIH3Aa H THAPHPOBAHMS LCJUTFOIO3E COTOMBI MIICHUIBL, Pa3pab0OTaHBl ONTHMATEHBIC
mapaMeTPHI Tporecca. B pesynprare uero HAMH pean30BaH COBMCIICHHBIN (THOPHIHBIN) THAPOIH3-THAPHPOBAHUC
mpouece moixyucHusa copOura. PaspabotaHel (epMECHTHI 11 JAHHOTO TPOLECCA, HUCCICIOBAHA HX AKTHBHOCTS.
W3y4eHo BIUAHHME BPEMEHH MPOLECCA, TEMIEPATYPHI ONbITa H PH HA KOHBEPCHIO LEUTIONO03BI H CEICKTHBHOCTD II0
copbury. Pa3zpaboTaHHas HAaMH TEXHOJOTHS MO3BOJMT YCOBEPHICHCTBOBATH TPATHIHOHHBIC IPOLECCHI B IUIAHE
JIMKBHAAITHH MHOTOYHUCICHHBIX CTaZ[I/IfI OYHUCTKH U BBIACICHUA MPOMCIKY TOTHBIX MIPOAYKTOB. Omna JAaCT BO3MOKHOCTh
peanm3aniy OJHOPEAKTOPHOTO COBMEMCHHOTO (THOPHIHOTO) MPOIECCa MOMYUCHHS TaKOTO IICHHOTO XHMHYECCKOTO
BCINECTBA, KAK COPOUT.

Kimo1ueBpie c10Ba: COIOMA MINCHUIBI, THAPOIN3, HELTI0I03a, THAPHPOBAHAE, TIOIUCAXAPHABI, ()epMECHTATHB-
HOC THAPOJIHTHYCCKOC THAPHPOBAHKE, TIFOKO3a, COPOUT, (PCPMCHTHL
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