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1. Introduction

The issue of food safety has always raised consumer 
concerns. Thanks to the HACCP, great success has been 
achieved in the safety management system of finished food 
products [1, 2].

The development and implementation of food safety 
management systems are a prerequisite for food enterprises, 
including the sugar industry. The introduction and main-
tenance of HACCP procedures make it possible to prevent 
the occurrence of hazards at early stages of food production, 
ensure the quality and safety of the production process and 
increase the competitiveness of domestic food products.

The ISO 22000:2005 standard combines the principles 
of risk analysis by critical control points and practical steps 
developed in the Codex Alimentarius (Food Code). Risk 
analysis is the key to an effective food safety management 
system, since it helps to systematize knowledge for creating 
an effective combination of control measures. Effective and 

efficient food control systems are necessary to protect con-
sumer health [3, 4].

Sugar beet is one of the most important industrial crops 
in the fields of our country. Yet now, the giant sugar produc-
tion is suffering from a crisis caused by the sugar content 
of root crops and declining yields. Under the limited pro-
duction capacity of operating sugar plants, a large share of 
raw materials goes through the storage stage and needs to 
be protected from adverse factors. Fresh beets deteriorate 
quickly due to high moisture content, continuous metabo-
lism and microbial exposure [5]. 

The unbalanced use of mineral fertilizers, the system of 
short-term rotation and the technology of subsurface tillage 
lead to a decrease in the quality of raw materials. During 
storage, harvesting and transportation of sugar beets, sig-
nificant losses are caused by a high level of mechanical 
damage to root crops and incorrectly selected technological 
modes [1, 6]. Due to the fact that fruit and vegetable prod-
ucts and places of long-term storage of vegetables mainly 
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The problem of determining critical control 
points in sugar beet processing and safety 
indicators of raw materials and products of the 
sugar industry was solved.

The results were obtained based on the risk 
analysis and the system of control points for sugar 
beet processing, five critical control points were 
identified according to the criteria of physical, 
chemical and biological contamination. It was 
also found that in terms of safety indicators, raw 
materials – sugar beet, and finished products 
meet the requirements of regulatory documents 
for microbiological indicators and heavy metal 
content.

The safety indicators of sugar beet, white 
sugar, molasses and beet pulp were studied. 
Microbiological indicators: CGB (coliforms), 
pathogens and S.aureus were not found in sugar 
beet samples. Microbiological indicators of 
QMAFAnM and yeast of white sugar, molasses 
and pulp 1–5*102, 6–7*102, 5–8*102 and 2–3*101, 
1–3*101, 1*101 CFU/cm3, respectively, are within 
acceptable limits. The content of toxic elements did 
not exceed the permissible limits.

For Kazakhstan sugar factories, no studies on 
hazard analysis and critical control points in the 
sugar industry have been conducted before, so the 
results of the study will fill this gap.

The scope and conditions for the practical 
use of the results obtained are the possibilities 
of raising the quality of finished products and 
improving the safety of raw materials and finished 
products, increasing the shelf life of by-products 
(molasses, beet pulp) of sugar beet production. 
These opportunities are based on the hazard 
analysis and critical control points (HACCP) in 
sugar beet processing
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fusion juice. The main source of these bacteria was beet wash 
water, while the diffusion juice showed very low contamina-
tion. Thermophiles were present in the highest concentra-
tions in the diffusion juice, although in smaller amounts than 
expected, and were also found in beets, pulp and diffusion 
juice. Finally, yeast was present in high concentrations from 
beets to the pulp, as well as in the diffusion juice. 

In [12], a comparison of beet microbiomes from six stor-
age clamps in Austria and Germany revealed regional differ-
ences; however, universal health indicators were identified. 
In addition to a significant reduction of microbial diversity 
in decomposing sugar beets (p ≤0.01), a distinct shift in the 
taxonomic composition of the total microbiome was found. 
Fungal taxa such as Candida and Penicillium, along with 
gram-positive Lactobacillus, were major disease indicators 
in the microbiome of decomposing sugar beets. In contrast, 
the genera Plectosphaerella and Vishniacozyma, as well as 
higher microbial diversity, generally reflect the microbiome 
of healthy beets. Based on these data, a PCR-based early 
detection technique was developed, confirming a twofold de-
crease in health indicators and up to a 10,000-fold increase 
in disease indicators in beet clamps.

The authors [13] revealed that from the moment of har-
vesting till the clamping of sugar beets, representatives of the 
genera Fusarium, Penicillium, Aspergillus, i.e., soil microflo-
ra, are isolated from the root crop surface. During storage, 
beetroot tissue is affected. Along with the aforementioned 
fungi, representatives of the genera Botrytis, Phoma, Mucor 
are isolated. Fungi of the genera Botrytis and Phoma were 
not identified at the initial stage of storage and appeared 
only during storage. After 30 days of storage, their share is 
10.7 and 9.8 %, respectively. The rest of the fungi continued 
to develop during storage, a decrease in their proportion is 
explained by the appearance of other fungi. 

In [6–10, 12, 13], the issues of monitoring critical points 
based on the HACCP safety system of the sugar industry, in 
particular at the regional level, remained unresolved. This 
may be due to objective difficulties in the use of new varieties 
of sugar beet, pesticides and the peculiarities of the natural 
and climatic conditions of Republic of Kazakhstan.

To better understand the impact of storage on the 
technological value of damaged root crops, it is necessary 
to expand the scope of research to safety indicators. Along 
with microbiological safety, it is important to investigate the 
content of heavy, toxic metals that can affect the efficiency 
of sugar beet processing.

Studies of the fungal community of sugar beets during 
storage [13] confirm the need to study the risks and safety 
indicators of raw materials and products of the sugar indus-
try in Republic of Kazakhstan.

Despite the availability of risk analysis studies for a num-
ber of food sectors, they are not enough for sugar production 
in Kazakhstan due to the small number of enterprises in this 
industry and the short period of sugar beet processing. 

At the same time, sugar is a strategic product and the 
main raw material for many food sectors, in addition to its 
direct use in food, and it is important to carry out work 
aimed at ensuring its quality and safety.

3. The aim and objectives of the study

The aim of the study is to analyze the risks and safety in-
dicators of raw materials and products of the sugar industry 

have a quality that does not meet the requirements of stan-
dards, the safety of such products is low [7].

All this contributes to the favorable development of var-
ious groups of microorganisms. 

Freezing and drying of root crops also lead to violation of 
the normal functions of beetroot, weaken its resistance and 
cause the development of clamp rot during storage. Major 
bacteria found in the clamp rot cause fermentation of sugar 
and pectin substances with the formation of acids, alcohol, 
hydrolysis products of pectin substances and dextrans, hav-
ing a negative effect in sugar beet processing.

Therefore, research on the analysis of risks and safety in-
dicators of raw materials and products of the sugar industry 
in Republic of Kazakhstan is relevant.

2. Literature review and problem statement

For sugar factories in Sudan [8], the extent of risk anal-
ysis implementation was estimated. The Sudanese sugar 
industry carefully monitors all quality parameters from 
cane production to sugar production, but does not concern 
the food safety of the system. The lack of commitment and 
involvement of senior management, and also the lack of state 
support represent the main restrictions and barriers to the 
implementation of food safety systems in Sudanese sugar 
companies. The study recommends that the Sudanese sugar 
industry should establish proper quality control laboratories 
to help monitor the quality and safety of raw materials and 
final products.

The work [9] provides a theoretical analysis of critical 
control points for the production of a line of sugar, molasses 
and pulp. Data are provided to identify potential hazards 
for sugar, molasses and beet pulp, as well as critical control 
points, monitoring and responsible personnel for sugar beet 
processing.

The authors of [10] present the results of traceability of 
food safety in a sugar factory, on the example of a large pro-
ducer of white sugar in Brazil, which has a tracking system 
for the agro-industry of products. The national sugar and 
alcohol sector was chosen as it is a leader in the production 
and export of sugar cane. The work shows the ability of the 
traceability system under study to identify the source of a 
chemical. The authors propose to develop, evaluate and im-
plement a tracking system to meet food safety requirements, 
and ensure customer satisfaction and business continuity.

The studies [8, 10] on the analysis of critical control 
points at sugar enterprises in various countries, on the ex-
ample of Sudan and Brazil, emphasize the need for research 
in this area to reduce the risks of contamination and ensure 
the safety of sugar products. The main sources of hazards in 
a sugar factory are pathogens in raw materials, which are 
infected during the growing, harvesting and storage of sugar 
beet.  In addition to microbiological safety, it is important to 
control the content of pesticides, heavy metals and radionu-
clides making raw materials unsafe.

There are studies [11] on the main populations of mi-
croorganisms present throughout the beet sugar extraction 
process. According to the results, beets, pulp and diffusion 
juice were the most contaminated samples during beet sugar 
extraction, and gum-forming lactic acid bacteria, thermo-
philes and yeast were the most abundant microbiota found 
in the process. The first microbial group was present mainly 
on beets, while remaining on washed beets, pulp and in dif-
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of Republic of Kazakhstan. This will make it possible to en-
sure high quality indicators of white sugar, including safety 
indicators of all sugar beet processing products. 

To achieve the aim, the following objectives were set:
– to identify potential and dangerous risks of sugar beet 

processing;
– to identify critical control points and develop correc-

tive actions in the production of white sugar from sugar beet;
– to evaluate the safety indicators of sugar beet and 

products of its processing.

4. Materials and methods 

The object of the study is the process of sugar beet pro-
cessing, sugar beet, sugar and molasses. 

The main hypothesis of the study suggests that risk 
analysis of sugar beet processing can be an effective meth-
od to ensure the safety and high quality of sugar industry 
products.

The study was conducted at the Merken sugar factory in 
the Jambyl region in the south of Republic of Kazakhstan. 
Data collection was carried out using a checklist of obser-
vations and direct interviews with production specialists.

In the research, Eider and Viorica varieties of sugar beet 
harvested in 2021 were used.  

Samples of sugar beet were taken in accordance with 
GOST 33887-2016 “Sugar beet”. Samplers were used to 
determine the safety and the presence of rotted and frozen 
root crops. Three spot samples were taken with beet forks 
from the transport unit along the waistline of the body. On 
the front side – after removing a 10–15 cm thick layer, in the 
center – from the top layer, on the rear side – after removing 
a 25–30 cm thick layer. The spot samples were used to make a 
combined sample of sugar beet roots weighing at least 12 kg.

All analyses of the quality and safety indicators of sugar 
beet and processing products were carried out three times.

The methodology for production risk assessment is based 
on the following regulatory documents: OHSAS 18001-1999 
“Occupational safety and health management system”;  
GOST 12.0.230-2007 SSBT Occupational safety man-

agement systems; TNK-BP procedure for production risk 
assessment.

Experiments were carried out in an accredited research 
laboratory for assessing the quality and safety of food prod-
ucts on the basis of Almaty Technological University JSC. 
The organoleptic parameters were determined according 
to GOST 33884-2016 “Interstate sugar beet standard. 
Specifications” and GOST R 52304-2005 “Beet molasses. 
Specifications”. 

The content of toxic elements of the selected samples 
was determined according to GOST 30178-96 “Interstate 
standard for raw materials and food products. Atomic 
absorption method for determination of toxic elements”, 
GOST 51766-2001 “State standard of the Russian Feder-
ation for raw materials and food products. Atomic absorp-
tion method for determination of arsenic”, GOST 26927-86 
“Interstate standard for raw materials and food products. 
Methods for determination of mercury”. 

In accordance with GOST 26968-86 “Sugar. Methods 
of microbiological analysis”, studies on the microbiological 
safety of the samples were conducted.

5. Results of the study of the system of hazard analysis 
and critical control points at sugar factories  

in Republic of Kazakhstan

5. 1. Analysis of potential and hazardous risks of sug-
ar beet processing

The mechanical processing of sugar beet includes the 
following operations: acceptance, separation from impu-
rities, washing of raw materials, slicing of beets. Thermal 
processing: obtaining and purification of diffusion juice, 
pulp, boiling and centrifugation of fillmass, drying, cooling 
of white sugar, packaging, labeling and storage of finished 
products.

In the course of processing sugar beets into beet pulp, 
molasses and sugar, there is the possibility of the spread of 
microorganisms, the presence of heavy metals, pesticides, etc. 
Table 1 shows an analysis of hazardous factors in sugar beet 
processing: biological (B), physical (P) and chemical (C).

Table	1

Analysis	of	hazardous	factors	in	sugar	beet	processing

No. Production stage
Type of 

contamination
Description of the hazardous factor Source/cause of contamination

1 2 3 4 5

1
Incoming inspection – 

acceptance of sugar beets

B total contamination

soil, clamp storage, transportation: by road, 
rail, at t – 8 °С and above; storage facilities, raw 
materials (in the destruction of insects, rodents, 

birds and mold)

P beaten, frozen during storage, transportation

C pesticides, toxic elements 
soil, water – absorption through the root system 

of plants from soil pollution

2

Production control – 
separation from impu-
rities, washing of raw 

materials

P

Metal-magnetic impurity having 
the property of being attracted to 

a magnet; isolation from a light 
impurity 

during harvesting, transportation

3 Slicing of beets P foreign impurities
ingress of mineral impurities into processing 

products 

4
Obtaining diffusion juice 

and pulp
B total contamination non-compliance with technological modes

C residual disinfectants high concentration of disinfectants
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The analysis of hazards in sugar beet processing showed 
biological, physical and chemical factors related to unac-
ceptable risks. Further, based on the potential hazards and 
risks, it is advisable to identify critical control points of 
production.

5. 2. Identification of critical control points and devel-
opment of corrective actions in the production of white 
sugar from sugar beet

The purpose of this stage is to determine the points, 
procedures at which control will be applied, so that it is 
possible to prevent the occurrence of a hazardous factor, 

eliminate or reduce it to an acceptable level. A critical 
control point can be any stage, which must be carefully 
studied and all data must be documented. Table 2 iden-
tifies critical control points of sugar production from  
sugar beet.

When determining critical control points, all stages of 
sugar production from sugar beet were analyzed, taking into 
account unacceptable risks of the high and medium zones. 
The severity of consequences (1 – insignificant, 2 – medium, 
3 – high and 4 – very severe) and the likelihood of a haz-
ardous event (1 – improbable, 2 – unlikely, 3 – accidental, 
4 – likely and 5 – frequent) were considered.

1 2 3 4 5

5
Purification of diffusion 

juice
B total contamination non-compliance with technological modes

C increase in рН, SO2 non-compliance with technological modes

6 Boiling of fillmass P foreign objects
non-compliance with sanitary and hygienic 

standards

7
Centrifugation of 

fillmass
B total contamination

non-compliance with technological modes and/or 
sanitary and hygienic standards

8
Drying and cooling of 

white sugar
P

external contamination of the 
product

non-compliance with equipment maintenance 
and/or sanitary and hygienic standards

9
Packaging, labeling 

and storage of finished 
products

B total contamination
violation of storage conditions for finished prod-

ucts and/or sanitary and hygienic standards

P
external contamination of the 

product
violation of storage conditions for finished prod-

ucts and/or sanitary and hygienic standards

10
Outgoing inspection 
– quality control of 

finished products

B total contamination
non-compliance with storage temperature and 

humidity conditions 

P foreign objects
non-compliance with personal hygiene rules, 

sanitary and hygienic measures and maintenance 
of premises

C harmful substances in packaging
high concentration of harmful substances in 

packaging

Continuation	of	Table	1

Table	2

Identification	of	critical	control	points	of	sugar	production	from	sugar	beet

No. Stage
Type of 

contamination
Probability Consequences Risk CCP/CP

1 Incoming inspection – acceptance of sugar beets

B 4 3 12 CCP1

P 2 3 6 CP

C 3 4 12 CCP2

2
Production control – separation from impurities, 

washing of raw materials
P 3 2 6 CP

3 Slicing of beets P 3 2 6 CP

4 Obtaining diffusion juice and pulp
B 2 2 4 CP

C 2 2 4 CP

5 Purification of diffusion juice
B 2 1 2 CP

C 2 1 2 CP

6 Boiling of fillmass P 4 3 12 CCP3

7 Centrifugation of fillmass B 3 2 6 CP

8 Drying and cooling of white sugar P 2 2 4 CP

9 Packaging, labeling and storage of finished products
B 2 3 6 CP

P 2 2 4 CP

10
Outgoing inspection – quality control of finished 

products

B 2 3 6 CP

P 4 3 12 CCP4

C 5 2 10 CCP5
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The development and implementation of corrective 
actions include the following activities: assessment of the 
importance of emerging quality assurance problems, in 
terms of the impact on production costs, consumer proper-
ties and product safety; identification and investigation of 
possible causes of the problem, determination of the cause 
by analyzing product documentation, related processes, 
control results:

– development and implementation of preventive mea-
sures to solve the problem, preventing its recurrence;

– control over the implementation of corrective actions 
and evaluation of their effectiveness;

– making corrective changes to production regulation 
documents and quality system elements associated with the 
occurrence of the problem;

– in case of a special need related to product safety or 
legal liability for product quality, making a decision and car-
rying out work on the return of finished products.

Table 3 shows corrective actions for sugar beet process-
ing [14, 15].

The identification of critical control points in the pro-
duction of sugar from sugar beet made it possible to create 
preventive and corrective actions.

5. 3. Study of safety indicators of sugar beet and prod-
ucts of its processing

The lack of specialized storage facilities for harvested sug-
ar beets does not ensure the long-term storage of root crops. 
In the event of a thaw, thawed root crops are no longer suitable 
for processing. Beetroot and the products of its processing are 
good media for the development of microorganisms. Freezing 
and drying of root crops lead to a violation of the normal 
functions of beet, weaken its resistance and cause the develop-
ment of clamp rot during storage. Table 4 shows the results of 
studying the microbiological safety of sugar beets.

Microbiological indicators of sugar beet processing prod-
ucts (white sugar, molasses, beet pulp) are given in Table 5.

Table	5

Microbiological	indicators	of	sugar	beet	
processing	products

Product
Microbiological index, CFU/cm3

QMAFAnM Yeast

White sugar 1–5*102 2–3*101

Molasses 6–7*102 1–3*101

Beet pulp 5–8*102 1*101

One of the major pollutants in terms of the 
scale of pollution and the impact on sugar beet 
losses is also toxic elements, including heavy 
metals. The content of toxic elements and pes-
ticides in sugar beets is given in Table 6.

Table	6

Content	of	toxic	elements	in	sugar	beets

Toxic 
element

Content of toxic elements in various 
sugar beet samples, mg/kg

whole frozen rotten 

Lead
0.0028± 

±0.00004
0.0023± 

±0.00003
not found

Arsenic
0.002± 

±0.0001
0.0008± 

±0.00004
not found

Cadmium not found not found not found

Toxic elements, lead in particular, enter sugar beets 
from soil contaminated with fertilizers and industrial waste. 

Table	3

Corrective	actions	for	sugar	beet	processing	

No. Stage CCP Frequency
Control 

parameter
Regulatory 
document

Corrective actions 

1
Acceptance 

of sugar 
beets

1

As raw 
materi-
als are 

received

QMA-
FAnM, 
CGB, 

pathogens, 
S.aureus, 

yeast, mold

TR CU 
021/2011

In all cases of 
changes in raw 

materials, they are 
isolated by limiting 

the storage area 
with red tape in ac-
cordance with reg-
ulatory documents 
for standardization 

and sent to the local 
laboratory

2
Acceptance 

of sugar 
beets

2

As raw 
materi-
als are 

received

Lead, 
arsenic, 

cadmium

TR CU 
021/2011

3
Boiling of 

fillmass
3

At least 
2 times a 

shift

Tempera-
ture, pres-
sure of the 

vacuum  
unit

Not allowed

In case of 
non-compliance 

with sanitary and 
hygienic standards, 
additional training 
of the personnel is 
carried out and the 

frequency of control 
by the production 

technologist is 
increased

4
White 
sugar

4
At least 

2 times a 
shift

Quality of 
packaging 
material

Not allowed

In case of 
non-compliance 

with sanitary and 
hygienic standards, 
additional training 
of the personnel is 
carried out and the 

frequency of control 
by the production 

technologist is 
increased

5
White 
sugar

5
At least 

2 times a 
shift

Quality of 
packaging 
material

Not allowed
Careful control 

upon acceptance of 
packaging materials

Table	4

Microbiological	indicators	of	sugar	beet

Indicator
Unit of mea-

surement

Microbiological indi-
cators of various sugar 

beet samples 

whole frozen rotten

QMAFAnM CFU/cm3 2*102 2*102 7*102

CGB (coli-
forms)

in 0.01 g of 
the product

not 
found

not 
found

not 
found

Pathogenic, 
including 
salmonella

in 25 g of the 
product

not 
found

not 
found

not 
found

S.aureus 
in 0.1 g of the 

product
not 

found
not 

found
not 

found

Yeast CFU/cm3 4*101 3*101 3*101

Mold CFU/cm3 not 
found

not 
found

2*101
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Toxic elements entering the body, reaching a certain con-
centration cause various diseases and even mutations [16]. 
Lead can be characterized as an element of low absorption 
intensity, since according to the results of the study, the 
value in mg/kg is less than one.

6. Discussion of the results of the study on the analysis of 
risks and safety indicators of raw materials and products

Potential and hazardous risks of sugar beet processing 
arise due to contamination of raw materials with chemical, 
physical and biological agents and in the course of sugar beet 
processing. The maximum risk peaks were identified in the 
following stages: acceptance of sugar beets: CCP1 – biological 
factor, CCP2 – chemical factor; CCP3 – physical factor, when 
boiling the fillmass and obtaining granulated sugar; CCP4 
and CCP5 in the process of quality control of finished prod-
ucts, the physical and chemical factors, under non-compliance 
with technological modes, the probability of risk increases.

To determine the critical control points of production, 
the probability of occurrence of a hazardous factor was es-
timated (Table 2) based on 4 possible options: almost zero; 
insignificant; significant; high. The risk assessment was 
carried out using a scoring system from 0 to 10, where 0 is no 
risk, 1–4 is a slight risk, 4–6 is a medium risk, 7–9 is a high 
risk, 10 is a very high risk [17]. By the results of determining 
the critical control points of production, corrective actions 
were developed. This allows improving the system of product 
quality management in the enterprise by strict assignment 
of responsibility and identifying the most important quality 
control points.

In terms of safety indicators of sugar beet processing 
products, 3 samples of sugar beet were examined: whole, 
rotten and frozen. In a normal biochemical process, each cell 
of the raw material is frozen during sugar beet storage. The 
process of freezing raw materials occurs at a temperature 
of –4–16 °С for 18–20 hours. If the storage conditions of 
frozen sugar beets (–3–4 °С) are not observed, the process 
of sucrose inversion is activated, as a result, the turgor of 
the root crop decreases. The optimum storage temperature 
for frozen sugar beets should be no higher than –14–16 °С. 
Frozen beets cannot be in good condition for a long time.

On sugar beet crops, root rot is often observed, which 
varies from 2 to 20 %, leading to a biotic factor in crop losses. 
Such pathogens include microscopic fungi and saprophytic 
bacteria. Such a root crop has an unpleasant putrid odor and 
releases juice, thus, the beet growing industry faces enor-
mous losses [18, 19].

The data in Table 4 confirm that in rotten sugar beets, the 
QMAFAnM index is 5*102 CFU/cm3 higher than in whole 
beets. CGB, pathogens and S.aureus were not found in all 
samples. Molds in the amount of 2*101 CFU/cm3 were found 
in rotten sugar beets, yeasts were also found in all samples, but 
their content did not exceed the permissible limits (Table 4).

Major bacteria found in the clamp rot are acid-forming 
mucus-forming species that cause fermentation of sugar 
and pectin substances with the formation of acids, alcohol, 
hydrolysis products of pectin substances and dextrans. The 
permanent microflora of sugar beet is: Bacillus subtilis, 
Clostridium perfringes, Leuconostoc dextranicum, Torula 
alba, Pseudomonas fluorescens, Sarcina lutea, Aspergillus, 
Pennicillium, Mortierella, Mucor and other types of micro-

organisms, complicating the processing of raw materials and 
reducing the sugar quality [20].

From Table 4, it can be seen that when sugar beet is fro-
zen, the QMAFAnM value decreases due to the extinction of 
thermophilic microorganisms in an unfavorable environment.

Microbial contamination of sugar beet contributes to 
the accumulation of biomass of various groups of microor-
ganisms during storage and processing and causes many 
problems in sugar production [21, 22]. The saprophytic 
mold fungi found include Mucor mucedo, Rhisopus nig-
ricans, Aspergillus niger, various species of Penicillium, 
Trichohtecium, Cladosporium. Mold fungi damage the 
beet root structure, promoting the development of bac-
teria that complete the spoilage process, making beets 
unsuitable for processing.

The microbiological data presented in Table 5 show the 
high QMAFAnM value in molasses and allowable yeast 
rates. Molasses is a basic raw material for the production of 
ethyl alcohol, glycerin, butanol, acetone, lactic and other ac-
ids. Citric, fumaric, acetic acid, as well as bakery and fodder 
yeasts are obtained by an aerobic process [23, 24].

The number of mesophilic aerobic and facultative an-
aerobic microorganisms in beet pulp is 5–8*102 due to the 
fact that beet pulp is a substrate consisting of dead tissues 
and cells, while the enzymes in them are activated by high 
temperature. As a result, during the storage of beet pulp, the 
transformation of nutrients occurs with the help of enzymes 
only of microorganisms on the surface of pulp particles. The 
main contamination of pulp with pathogens occurs after it 
cools down during transportation and storage. When the 
raw pulp is stored for 6 months, its loss is 65–67 %, while the 
nutritional value is reduced by 50 % [25].

The results of the study on the content of toxic elements 
in sugar beets are presented in Table 6. In frozen sugar beets, 
the Pb content is only slightly lower, 2.5 times less than in 
whole beets stored at the optimum temperature. The pres-
ence of Cd in all samples was not found, and toxic elements 
were not found in rotten sugar beets at all.

For Republic of Kazakhstan sugar factories, no studies 
on hazard analysis and critical control points in the sugar in-
dustry have been conducted before, so the results of the study 
will fill this gap.

The studies were carried out only for the beet pro-
cessing industry. Further work should be carried out for 
another type of raw materials in the sugar industry – raw 
sugar.

In the future, it is necessary to study the content of the 
mass fraction of ferroimpurities and sulfur dioxide in white 
sugar from sugar beet and raw sugar.

Studies of safety indicators for sugar beet and the prod-
ucts of its processing should be continued for other growing 
regions in Kazakhstan. To ensure the effective operation of 
the HACCP system at the enterprises of the sugar industry 
in Republic of Kazakhstan, it is important to conduct train-
ing of the HACCP system. In turn, management should 
provide support to the staff on this issue.

7. Conclusions

1. An analysis was made of potential and hazardous risks 
of sugar beet processing, which were found at the following 
stages: acceptance of sugar beet; boiling of fillmass and ob-
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taining granulated sugar; quality control of finished products 
by types of contamination: 1 – biological, 2 – physical and 
2 – chemical.

2. Five critical control points in the production of white 
sugar from sugar beets were identified. CCP1 and CCP2 
during acceptance of sugar beet (incoming inspection), 
CCP3 – during boiling of fillmass (production control), 
CCP4 and CCP5 during quality control of white sugar (out-
going inspection). Corrective actions were developed for all 
CCPs of sugar beet processing.

3. The safety indicators of sugar beet, white sugar, mo-
lasses and beet pulp were studied. Microbiological indica-
tors: CGB (coliforms), pathogens, including salmonella and 
S.aureus, were not found in sugar beet samples. The content 
of yeast and molds in all samples did not exceed the permis-
sible limits.

Microbiological indicators of QMAFAnM and yeast of 
white sugar, molasses and pulp 1–5*102, 6–7*102, 5–8*102 

and 22–3*101, 1–3*101, 1*101 CFU/cm3, respectively, are 
within acceptable limits. Cadmium was not found in all 

samples, the mass fraction of lead and arsenic did not exceed 
the permissible limits.
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