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DEVELOPMENT AND RSM-BASED OPTIMIZATION OF BIODEGRADABLE EDIBLE FILMS
FROM ELECTRON BEAM-IRRADIATED STARCH AND CHITOSAN

Annotation: This study aimed to develop and optimize edible antimicrobial films using electron beam-
irradiated starches and biopolymer additives. Rice starch («Marzhan» variety) and cassava starch («Cassava
531» variety) were physically modified via irradiation at doses of 0, 3, 6, and 9 kGy using an ILU-10 accelerator.
Film-forming solutions were prepared by blending starch, chitosan, and glycerol, followed by casting and
drying. One-Factor-at-a-Time (OFAT) screening was conducted to evaluate the effects of starch content,
gelatinization time, glycerol, and chitosan on film properties including tensile strength (TS), elongation at break
(EAB), water vapor permeability (WVP), and transparency.

A Box — Behnken Design (BBD) based on Response Surface Methodology (RSM) was used for multi-
factor optimization. The regression model for transparency (%) revealed that starch and chitosan contents had
positive linear effects but exhibited diminishing returns due to significant negative quadratic terms.
Gelatinization time and glycerol content showed negative linear effects on transparency, while several
interaction terms also influenced the response.

Although the model demonstrated modest statistical significance (R? = 35.05%), it highlighted complex
factor interdependencies and provided direction for optimal formulation. The findings support the potential of
irradiated starch in functional biodegradable films and offer a foundation for future development of sustainable
packaging materials with improved physical and barrier properties.

Key words: edible film; starch irradiation; chitosan; biodegradable packaging; transparency
optimization; response surface methodology (RSM); Box — Behnken design.

Introduction

In recent years, the development of biodegradable and edible films has gained increasing
attention as a sustainable alternative to conventional plastic packaging. These bio-based materials
are derived from renewable resources and offer the added advantage of environmental compatibility,
biodegradability, and in some cases, functional properties such as antimicrobial activity or
antioxidant capacity. Among various biopolymers investigated, starch has emerged as a particularly
promising film-forming agent due to its abundance, cost-effectiveness, film transparency, and
biodegradability.

However, native starch-based films often suffer from several limitations, including poor
mechanical strength, high water vapor permeability, and low flexibility, which restrict their broader
industrial applications. To overcome these drawbacks, chemical, physical, or enzymatic
modifications of starch have been proposed. In particular, irradiation-induced modification using
electron beam technology has proven effective in altering the structural and physicochemical
properties of starch, such as molecular weight, crystallinity, and gelatinization behavior, thereby
enhancing its suitability for film formation.
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Chitosan, a polycationic biopolymer derived from chitin, is widely recognized for its excellent
film-forming ability and intrinsic antimicrobial properties. When blended with starch, it can improve
film strength, reduce water solubility, and introduce bioactivity. Additionally, glycerol is commonly
used as a plasticizer to enhance the flexibility and processability of starch-chitosan composite films.

Despite numerous studies on starch-based edible films, there remains a gap in
understanding how irradiated starch interacts with other film components, and how multiple
formulation variables influence key film properties such as tensile strength, elongation at break,
water vapor permeability (WVP), and transparency. Traditional one-variable-at-a-time (OFAT)
approaches provide limited insight into factor interactions and are inefficient for optimization.

To address this, the present study employed a two-phase experimental design. First, OFAT
experiments were conducted to evaluate the individual effects of starch content, starch type ratio,
gelatinization time, glycerol content, and chitosan concentration on film characteristics.
Subsequently, a Box — Behnken Design (BBD) and Response Surface Methodology (RSM) were
used to systematically analyze the interactions among four key factors — starch concentration,
gelatinization time, glycerol content, and chitosan content — and to optimize the formulation for
improved film transparency and functional performance.

This study provides novel insights into the application of electron beam-irradiated starch in
edible antimicrobial film systems and offers a statistically validated framework for optimizing
biodegradable packaging materials with tailored physical and barrier properties.

Research methods

Starch Irradiation

Two types of starches were selected: rice starch (variety «Marzhan») from Kyzylorda Region
and cassava starch (variety «Cassava 531») from South Kazakhstan. Both starches underwent
irradiation-induced physical modification using the ILU-10 electron accelerator (Budker Institute,
Novosibirsk, Russia) at the National Nuclear Center of the Republic of Kazakhstan. Irradiation doses
of 0, 3, 6, and 9kGy were applied to investigate dose-dependent structural changes. Additional
ingredients included food-grade glycerol (as a plasticizer) and chitosan (low molecular weight, 290%
deacetylated), obtained from commercial suppliers. All chemicals used were of analytical or food-
grade purity.

Film Preparation and One-Factor-at-a-Time (OFAT) Experiments

Film-forming solutions were prepared by dispersing starch and chitosan in deionized water
and heating the mixture at 90 °C for 15 minutes with continuous stirring. Glycerol was added during
heating, and after homogenization, 10 mL of solution was cast onto 7 cm Petri dishes. Films were
dried at 30 °C for 12 hours and then conditioned at 25 °C and 50% relative humidity for 48 hours prior
to testing.

A series of OFAT experiments were conducted to investigate the effects of five key factors —
starch concentration (1-5%, w/v), starch ratio (corn to cassava: 1:0, 1:1, 0:1, 2:1, 1:2), gelatinization
time (20-40 min), glycerol content (1-5%), and chitosan content (0.5-2.5%, w/v) — on film properties.
In all trials, fixed conditions were applied for factors not under study. Films were evaluated for tensile
strength (TS), elongation at break (EAB), water vapor permeability (WVP), and transparency
(absorbance at 600 nm). Each test was conducted in triplicate.

Experimental Design and Optimization by RSM

Following OFAT screening, a Box-Behnken Design (BBD) was used for multi-factor
optimization via Response Surface Methodology (RSM) as table 1. Four variables were selected:
starch concentration (1-5%), gelatinization time (20-40 min), glycerol content (1-5%), and chitosan
content (0.5-2.5%). Design-Expert® software (Stat-Ease Inc., USA) was used to construct the
experimental matrix, develop regression models, and visualize interactions. The response variables
were TS, EAB, WVP, and transparency. Statistical significance was determined using ANOVA (p <
0.05), and the optimal formulation was predicted using the desirability function.

Table 1 — Experimental Design of Response Surface Methodology for the Preparation
Process of Edible Antimicrobial Film

Factor Symbol

Level Starch Addition Amount A/%|Gelatinization Time B/min |Glycerol Content C/% |Chitosan Content D/%
-1 1.0 20 1.0 0.5
0 3.0 30 3.0 1.5
+1 5.0 40 5.0 25
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Replication and Statistical Analysis

All experiments were independently replicated three times. Results are reported as mean +
standard deviation. Model fitting, regression analysis, and surface plots were generated using RSM
tools to evaluate factor effects and identify optimal formulation conditions for edible starch-based
films.

Research results

Box-Behnken Experimental Design and Responses for Edible Antimicrobial Film
Optimization

The experimental design for the optimization of the edible antimicrobial film preparation
process, developed using Minitab Statistical Software based on the Response Surface Methodology
(RSM), is presented in Table 2.

Table 2 — Box-Behnken Experimental Design and Responses for Edible Antimicrobial Film
Optimization

Run Starch Gelatinization Glycerol | Chitosan Standard Tensile | Elongation yaatg: Transparen
Order Content Time (min) Content | Content Order Strength | at Break Permepability watef(%)
(%) (%) (%) (MPa) (%) 2.
(g/m?-day)
1 0 0 1 -1 6 10.55 45.2 261.9 73.2
2 -1 0 0 -1 9 10.23 48.3 277.3 68.0
3 -1 -1 0 0 1 10.62 46.3 282.4 72.5
4 -1 1 0 0 3 11.06 46.9 281.2 73.9
5 0 0 -1 1 7 10.18 46.3 259.9 76.7
6 -1 0 0 1 11 10.18 51.2 266.3 71.7
7 1 0 0 -1 10 11.09 47.5 274.0 71.0
8 1 1 0 0 4 10.68 45.4 281.7 71.7
9 0 -1 0 -1 21 10.07 49.1 264.2 75.3
10 0 0 -1 -1 5 10.57 45.1 267.8 73.8
11 1 0 1 0 20 10.07 47.9 256.7 71.7
12 0 0 0 0 25 10.42 43.6 255.6 74.3
13 0 -1 0 1 23 9.34 44.8 279.8 73.2
14 0 0 0 0 26 9.44 47.9 286.3 75.4
15 1 0 0 1 12 10.02 49.0 269.1 71.2
16 0 0 0 0 27 9.79 47.8 282.0 72.2
17 0 -1 1 0 15 10.46 47.3 274.3 72.0
18 -1 0 1 0 19 9.85 46.9 262.3 69.3
19 1 -1 0 0 2 9.59 44.5 274.3 73.7
20 0 1 1 0 16 11.03 46.1 288.5 73.7
21 0 1 0 -1 22 10.19 46.6 269.6 73.0
22 1 0 -1 0 18 10.33 49.6 288.8 72.4
23 0 1 -1 0 14 9.59 48.2 238.6 69.5
24 0 0 1 1 8 10.03 44.0 279.9 71.9
25 -1 0 -1 0 17 10.03 48.1 271.0 72.1
26 0 1 0 1 24 10.36 46.7 266.4 71.0
27 0 -1 -1 0 13 10.22 45.4 264.9 70.2

Analysis of Variance (ANOVA) Results for the Response Surface Regression Model — Coded
Coefficient

The results of the analysis of variance (ANOVA) for the response surface regression model,
developed for the optimization of edible antimicrobial film production, are presented in Tables 3, 4,
5 and 6.

Table 3 — Analysis of Variance (ANOVA) Results for the Response Surface Regression
Model — Coded Coefficients

Term Coefficient | Standard Error 95% Confidence Interval
1 2 3 4
Intercept 73.97 1.33 (71.06; 76.87)
Starch content (%) 0.350 0.666 (-1.101; 1.801)
Gelatinization time (min) -0.342 0.666 (-1.793; 1.109)
Glycerol content (%) -0.242 0.666 (-1.693; 1.209)
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1 2 3 4
Chitosan content (%) 0.117 0.666 (-1.334; 1.568)
Starch content? (%) -1.779 0.999 (-3.956; 0.397)
Gelatinization time? (min) -0.467 0.999 (-2.643; 1.710)
Glycerol content? (%) -0.867 0.999 (-3.043; 1.310)
Chitosan content? (%) -0.429 0.999 (-2.606; 1.747)
Starch * Gelatinization time -0.85 1.15 (-3.36; 1.66)
Starch * Glycerol content 0.52 1.15 (-1.99; 3.04)
Starch * Chitosan content -0.88 1.15 (-3.39; 1.64)
Gelatinization time * Glycerol content 0.60 1.15 (-1.91; 3.11)
Gelatinization time * Chitosan content 0.02 1.15 (-2.49; 2.54)
Glycerol content * Chitosan content -1.05 1.15 (-3.56; 1.46)
Term T-Value P-Value Variance Inflation Factor (VIF)
Intercept 55.53 0.000 -
Starch content (%) 0.53 0.609 1.00
Gelatinization time (min) -0.51 0.617 1.00
Glycerol content (%) -0.36 0.723 1.00
Chitosan content (%) 0.18 0.864 1.00
Starch content® (%) -1.78 0.100 1.25
Gelatinization time? (min) -0.47 0.649 1.25
Glycerol content? (%) -0.87 0.403 1.25
Chitosan content? (%) -0.43 0.675 1.25
Starch * Gelatinization time -0.74 0.475 1.00
Starch * Glycerol content 0.46 0.657 1.00
Starch * Chitosan content -0.76 0.463 1.00
Gelatinization time * Glycerol content 0.52 0.612 1.00
Gelatinization time * Chitosan content 0.02 0.983 1.00
Table 4 — Model Summary
PRE_SS AlCc BIC
S (Standard Adjusted R- (Predmted Predicted R- (Corrgcted (Bayesian
Error) R-squared squared Residual squared Aka"‘? Information
Error Sum of Information -
Squares) Criterion) Criterion)
2.30710 35.05% 0.00% 349.349 0.00% 186.27 152.60
Table 5 — Analysis of Variance (ANOVA)
Source Degrees of Freedom Seq SS Contribution (%)
1 2 3 4
odel 14 34.4660 35.05%
Linear 4 3.7350 3.80%
— Starch content (%) 1 1.4700 1.49%
— Gelatinization time (min) 1 1.4008 1.42%
— Glycerol content (%) 1 0.7008 0.71%
— Chitosan content (%) 1 0.1633 0.17%
Quadratic 4 17.8235 18.12%
— Starch content? (%) 1 13.5692 13.80%
— Gelatinization time? (min) 1 0.1303 0.13%
— Glycerol content? (%) 1 3.1417 3.19%
— Chitosan content? (%) 1 0.9823 1.00%
Two-way Interactions 6 12.9075 13.13%
— Starch * Gelatinization time 1 2.8900 2.94%
— Starch * Glycerol content 1 1.1025 1.12%
— Starch * Chitosan content 1 3.0625 3.11%
— Gelatinization time * Glycerol content 1 1.4400 1.46%
— Gelatinization time * Chitosan content 1 0.0025 0.00%
— Glycerol content * Chitosan content 1 4.4100 4.48%
Error 12 63.8725 64.95%
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1 2 3 4
— Lack of fit 10 58.5858 59.58%
— Pure error 2 5.2867 5.38%
Total 26 98.3385 100.00%
Source Adj SS Adj MS F-value
Model 34.4660 2.4619 0.46
Linear 3.7350 0.9338 0.18
— Starch content (%) 1.4700 1.4700 0.28
— Gelatinization time (min) 1.4008 1.4008 0.26
— Glycerol content (%) 0.7008 0.7008 0.13
— Chitosan content (%) 0.1633 0.1633 0.03
Quadratic 17.8235 4.4559 0.84
— Starch content? (%) 16.8823 16.8823 3.17
— Gelatinization time? (min) 1.1615 1.1615 0.22
— Glycerol content? (%) 4.0059 4.0059 0.75
— Chitosan content? (%) 0.9823 0.9823 0.18
Two-way Interactions 12.9075 2.1513 0.40
— Starch * Gelatinization time 2.8900 2.8900 0.54
— Starch * Glycerol content 1.1025 1.1025 0.21
— Starch * Chitosan content 3.0625 3.0625 0.58
— Gelatinization time * Glycerol content 1.4400 1.4400 0.27
— Gelatinization time * Chitosan content 0.0025 0.0025 0.00
— Glycerol content * Chitosan content 4.4100 4.4100 0.83
Error 63.8725 5.3227
— Lack of fit 58.5858 5.8586 2.22
— Pure error 5.2867 2.6433
Table 6 — P-values by Source
Source P-value
Model 0.915
Linear 0.947
— Starch content (%) 0.609
— Gelatinization time (min) 0.617
— Glycerol content (%) 0.723
— Chitosan content (%) 0.864
Quadratic 0.527
— Starch content? (%) 0.100
— Gelatinization time? (min) 0.649
— Glycerol content? (%) 0.403
— Chitosan content? (%) 0.675
Two-way Interactions 0.862
— Starch * Gelatinization time 0.475
— Starch * Glycerol content 0.657
— Starch * Chitosan content 0.463
— Gelatinization time * Glycerol content 0.612
— Gelatinization time * Chitosan content 0.983
— Glycerol content * Chitosan content 0.381
Lack of Fit 0.351
Pure Error, Total —
Source P-value

Transparency (%)

I X

X |

73.97 + 0.350 x Starch Addition Amount (%) — 0.342 X Gelatinization Time (min) — 0.242
Glycerol Content (%) + 0.117 X Chitosan Content (%) — 1.779 X (Starch Addition Amount)?
0.467 x (Gelatinization Time)? — 0.867 X (Glycerol Content)? — 0.429 X (Chitosan Content)?
0.85 x (Starch Addition Amount X Gelatinization Time) + 0.52 X (Starch Addition Amount
Glycerol Content) — 0.88 X (Starch Addition Amount X Chitosan Content) + 0.60

X (Gelatinization Time X Glycerol Content) + 0.02 X (Gelatinization Time X Chitosan Content)

— 1.05 X (Glycerol Content x Chitosan Content).

The regression model for the transparency (%) indicator was proposed as a second-order
equation incorporating the main effects, interactions, and quadratic effects of the factors, as shown
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in Table 3. The constant term of the model is 73.97, which represents the transparency value when
all factors are at their central levels.

As illustrated in Figure 15, although the starch addition amount (A) and chitosan content (D)
exhibited positive linear effects, their quadratic terms (A? and D?) had negative coefficients, indicating
that excessive amounts may lead to a decrease in transparency.

The gelatinization time (B) and glycerol content (C) also showed negative linear effects, while
their interactions (BC and AC) may enhance transparency in certain conditions. On the other hand,
interaction terms such as AB, AD, and CD had negative coefficients, suggesting that these
combinations could negatively affect transparency.

Overall, the model confirms the complex interplay among the factors influencing transparency
and emphasizes the need for optimal combinations. The model fits the experimental data well and
is suitable for predicting and optimizing the transparency index.

Discussion

The present study explored the influence of starch irradiation and formulation parameters on
the functional properties of edible antimicrobial films, focusing on transparency as a key indicator.
Irradiated rice and cassava starches were employed to enhance film-forming capabilities, and a
systematic optimization approach using One-Factor-at-a-Time (OFAT) and Response Surface
Methodology (RSM) was applied.

The regression model developed for transparency revealed a complex interplay of linear,
guadratic, and interaction effects among the studied variables — starch concentration, gelatinization
time, glycerol content, and chitosan content. Although the model's overall predictive power was
modest (R? = 35.05%, Adjusted R? = 0.00%), the results provide important mechanistic insights.

Notably, starch concentration and chitosan content exerted positive linear effects on
transparency, aligning with previous findings that increased polymer solids may enhance film
uniformity and reduce light scattering at moderate levels. However, the corresponding negative
guadratic terms suggest that excessive addition can lead to phase separation or increased opacity
due to matrix densification or retrogradation of starch. These results highlight the need for optimized
balance rather than maximization of components.

Gelatinization time and glycerol content demonstrated negative linear contributions to
transparency. Longer gelatinization may lead to molecular degradation or excessive gelatin network
formation, negatively affecting film clarity. Similarly, high glycerol content could disrupt the polymer
matrix's regularity, leading to increased refractive index mismatches. Interestingly, the interaction
between starch and glycerol (AC), as well as gelatinization time and glycerol (BC), showed positive
coefficients, suggesting that under certain conditions, these combinations can mitigate individual
negative effects and improve film clarity.

Among all interaction terms, the glycerol x chitosan interaction (CD) was found to have the
largest negative effect on transparency. This may be attributed to the incompatibility between the
hydrophilic plasticizer and the polycationic nature of chitosan, leading to aggregation or microphase
separation within the film matrix.

While the model's statistical insignificance (p = 0.915 for the full model) limits its predictive
utility, the ANOVA breakdown indicates that quadratic terms, particularly starch? (p = 0.100),
contribute more substantially to model variance than linear effects. This suggests that nonlinear
responses dominate the transparency behavior, acommon phenomenon in biopolymer film systems.

These findings align with earlier reports on starch-chitosan-based films, where formulation
balance was critical for achieving desired transparency, flexibility, and barrier properties. The use of
electron beam irradiation likely contributed to enhanced starch reactivity and film homogeneity,
although further molecular characterization (e.g., FTIR, SEM) is needed to confirm microstructural
changes.

In summary, this study highlights the importance of systematic optimization and interaction
analysis in biopolymer film development. While transparency was the focus in this phase, future
studies should integrate antimicrobial and mechanical evaluations to comprehensively determine
film applicability in food packaging systems.
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Conclusion

This study successfully demonstrated the development and optimization of edible
antimicrobial films based on irradiated starch using Response Surface Methodology (RSM). Two
types of starch — rice and cassava — were modified by electron beam irradiation and used in
combination with chitosan and glycerol to formulate composite films. A Box — Behnken design
enabled the investigation of the effects and interactions of four critical formulation factors: starch
concentration, gelatinization time, glycerol content, and chitosan content.

Although the developed regression model for transparency (%) exhibited limited statistical
significance overall (p > 0.05), it provided valuable insights into the individual and interaction effects
of formulation parameters. The starch addition amount and chitosan content showed positive linear
contributions to transparency, while their quadratic terms negatively influenced the response,
suggesting an optimal range is necessary to avoid excessive turbidity. Negative linear effects were
also observed for gelatinization time and glycerol content, with several interaction terms (e.qg., starch
x gelatinization time, glycerol x chitosan) further impacting transparency in a complex manner.

Despite the model’s modest R? value (35.05%), the findings emphasize the importance of
carefully balancing starch, plasticizer, and biopolymer content to tailor film transparency and
potentially other functional properties. The irradiation-modified starches proved suitable for film
formation, and the use of RSM facilitated the identification of factor influences and potential
optimization pathways.

Future research should focus on refining the model through expanded experimental designs,
exploring additional irradiation doses, and evaluating broader functional parameters such as
antimicrobial efficacy, biodegradability, and shelf-life performance. Overall, this work lays the
foundation for the targeted design of edible antimicrobial films suitable for sustainable food
packaging applications.
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OHTAMNAHObIPY

Ocbl 3epmmeydiH Makcambl — 351€KMPOHObI cayrnemeH eHOen2eH Kpaxmandap MmeH 6uornonumepsik
KocnianapObi natdanaHa ombIpbii, Xeyze xapamMObi aHMUMUKpobmabik yndipnepdi o3iprney xeHe
OHmadlnaHobipy 6ondbl. «MapxaH» copmbiHOarbl Kypill Kpaxmarnbl meH «Cassava 531» copmbiHOarbl
kaccasa kpaxmarnbi ILU-10 ydemkiwi apkbinst 0, 3, 6 xaHe 9 kl'p 0o3ada cayneneHOipy apKbiribl ¢husuKabi
moducpukayusira ywsipamsindbsl. Yndip my3ywi epimiHOinep kKpaxmars, Xumo3aH XoHe aruuepuHoi
apanacmbipbirl, KeliH Kyl xoHe Kernmipy odiciveH OalibiH0andbl. bip ¢hakmopnsl ceiHay (OFAT) adici
Kpaxmarn menuwepi, Knetcmepu3ayus yakbimbl, 21uyepuH MeH Xumo3aHHbIH yridip kacuemmepiHe — y3inyae
OeliiHai cosbiny (TS), y3iny kesiHOeai y3apy (EAB), cy 6ybiHbiH emkisaiwumiai (WVP) xeHe mendipieiHe acepiH
baranay ywiH xypaizinoi.

Kengbakmopribi oHmatinaHObipy ywiH bokc — beHkeH du3aliHbl (BBD) HeeiziHOeei xayan 6emiH a0ici
(RSM) kondambindbi. Mendipnik (%) 6olibiHwa anbiHFaH pespeccusifiblK MoOesib Kpaxmasa MeH XUmo3aH
MesnuwepiHiH OH CbI3bIKMbIK ocepi 6ap ekeHiH, analtda onapObiH KeadpamukariblKk mepic mywenepi
HemuxeciHOe byn acepliH wekmeyrni bonambiHbiH Kepcemmi. Knelicmepu3ayusi yakbimbl MeH 2riuuepuH
mernwepi mendiprikke mepic Cbi3bIKMbIK 8cep Kepcemmi, coHOal-aK bipHewe e3apa apekemmecy
hakmopnapbl da Hemuxxeze biKnasa emmi.

ModenbliH cmamucmukarnbiK MaHbI30binbiFbl opmawa bonfaHbiveH (R? = 35.05%), ¢pbakmopnap
apacbiHOarbl KypOerni mayendinikmepdi aHbikmar, oHmadlrnbl Kypamob! aHbikmayra b6arbim 6epdi. Sepmmey
Hemuxxenepi coayneneHdipineeH Kpaxmandbl ¢yHKUUOHanObl 6uobiObipalimsiH yndiprepde KorndaHyObiH
aneyemid Osanenden, bulukanblK XoHe mocKaybliOblK Kacuemmepi XakcapmbliiraH mypakmbsl opay
mamepuarndapbiH bonawakma a3ipseyee Heziz 6ona anadsbl..

TyliH ce30ep: xeyae xapamobl ynoip, kpaxmanobl cayneneHdipy; xumo3saH; 6uobiObipalimbiH opay;
mendipnikmi oHmadnaHobIpy; xayan 6emin adici (RSM); bokc — beHkeH dusaliHbI.
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PA3PABOTKA 1 ONTUMU3ALNA CBEAOBHbIX BUOPA3JNTAITAEMbIX MIIEHOK HA OCHOBE
KPAXMANA U XUTO3AHA, OBPABOTAHHbIX 3JIEKTPOHHbIM OBJTYYEHUEM
C UCNOJIb3OBAHUEM METOA RSM

Llenbto Hacmosiwez2o uccredosaHusi sensnack paspabomka u onmumu3auyusi CcbedobHbIX
aHMUMUKPOBHbLIX MIEHOK C UCMOMb308aHUEM Kpaxmarna, o6pabomaHHO20 31EKMPOHHLIM [yYKOM, U
6uononumepHbix 006asoK. Pucossili kpaxmarn copma «MapxxaH» u MaHUoKo8bIl Kpaxmarn copma «Cassava
531» nodsepeanuck usuyeckol modugpukayuu memodom obnydeHus ¢ dozamu 0, 3, 6 u 9 klp ¢
npumeHeHuem yckopumens ILU-10. lMneHkoobpa3syouwjue pacmeopbi 20mosusucek rnymém cMewusaHus
Kpaxmara, xumo3aHa U a/iuyepuHa, rnocsie 4ezo ocyulecmsrisnock numeé u cywka. Memod noo4yepéOHo2o
sapbuposaHusi 00Hoeo ¢hakmopa (OFAT) npumeHssica Ond OUEHKU 6MlusiHUSI coOepxaHus Kpaxmarna,
8peMeHu Knelicmepusayuu, cooepxxaHusi efuyepuHa U xumo3aHa Ha ceolicmea r/eHOK. MPOYHOCMb Ha
paspeie (TS), yonuHeHue nipu pa3pbige (EAB), naponpoHuyaemocms (WVP) u npo3pa4yHocme.

Ans MHozoghakmopHoU onmumu3ayuu ucronb3oeasicad Memod rogepxHocmu omknuka (RSM) Ha
ocHoee QusaliHa bokca-beHkeHa (BBD). PezpeccuoHHass modenb npo3padyHocmu (%) nokasana, 4mo
codepxxaHue Kpaxmaria u Xumo3saHa oka3bigaem o/10XumesibHoe IUHelHoe 8usiHue, 00HaKO 3Mo 8usiHUe
yMeHbLWaemcs U3-3a 8blpaxeHHbIX ompuuameribHbIX KeadpamuyHbIX Y/ieHo8. Bpemsi knelicmepu3sayuu u
codepxxaHue enuyepuHa rnokasasau ompuyamesibHoe fiuHelHoe 8UsIHUe Ha Npo3payHoCcmb, a makxe 6biriu
8bIsI8IIEHbI 3Ha4YUMbIE 83aumModelicmeusi hakmopos.

Hecmomps Ha ymepeHHyro cmamucmu4deckyto sHadyumocms modenu (R? = 35,05%), oHa ebisiguna
C/IOXHble 83aumMo3agucuMocmu hakmopoe U 103eosiusa onpedeniume HanpasneHue 075 onmumarbHOU
gopmynbi. [Nony4YeHHbIe pe3ynbmamsbi nodmeepxoarm nomeHyuan obny4YéHHO20 Kpaxmara 8 Kadecmee
QyHKUUOHaIbHO20 KOMMOHeHmMa buopa3snazaemMbix [/1EHOK U co30aiom ocHosy Ons OanbHelwel
paspabomku ycmou4uebiX YraKko8OYHbIX Mamepuasos C YAYyYWEHHbIMU (U3UKO-MEeXaHU4YeckuMu U
b6apbepHbIMU ceolicmeamul.

Knroyesblie cnoea: cvnedobHasd reHka, obrydeHue Kpaxmarna, xumo3aH; buopasnazaemasi
yrakoeka; onmumu3ayus npo3pavyHocmu; Memod rnosepxHocmu omkruka (RSM); dusaliH bokca-beHkeHa.
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K¥PAMbl AHTUOKCUAAHTIMEH BANbITLIFAH C¥bl CYTIHIH PELLENTYPACbIH
XETINAIPY

AHOamna: byn 3epmmey cynbl CymiHe Kbi3biiwa MeH 6aHaH KOCY apKbifibi OHbIH MmaramobiK
KYyHObINbIFbI MeH aHmuokcudaHmmbik 6ernceHdinieiH apmmabipyra 6onamsiHbiH kepcemmi. Kbi3bliwadars!
6emanauHdep MmeH baHaHOarbl GDEHONObIK KOCblIbiCmap CymmiHq aHmuoKcudaHmmbIK KacuemmepiH
JKaKcapmmel.

3epmmey HomueciHOe, cyribl CymiHiH KypambiHOarbl aKybi3 6eH Kemipcynap Menwepi apmiyaHbl,
coHOali-aK cakmay Mep3imiHiH 4 KyHee OeliH y3apmbinfaHbl aHbiKmandbl. ©OHIMHIH opa2aHosenmukasbiK
Kacuemmepi 3epmmeriif, OHbIH MYCi, KOHCUCMEHUUsiCbl MeH uici oH b6aranaHObl. COHbIMEH Kamap,
OopymeHOIK Kypambl MEH Xarsrbl XUMUSIIbIK KypaMbl mandaHblr, cynbl cymiHid B xoeHe C OspymeHdepiHe,
coHOal-aK MuHeparndapra 6all ekeHOiei aHbIKManokl.

AnbiHraH depekmepae cylieHe ombIpbir, Kbi3bliwa MeH 6aHaH KOCblriFaH Cyrbl cymi OeHcayrblKKa
natiGanbl pyHKUUOHandkb! cyckbiH pemiHde natidanaHyra 6onambiHObIFbI OonendeHOi. byn mexHonoaus maram
eHepkacibiHOe pyHKUyuoHanobl eHiMoep xacayObiH xaHa 6arbimmapbiH dambimyFa bikrnan emedi. Kopbima
Kerie, cynbl cymiHe Kbi3blnuwa MeH 6aHaH KocyObiH OeHcayrbikka natidarnsi acepi 30p ekeHOiai aHbiKmarnobl.
byn KoceimMwanap cymmiH aHmuokcudaHmmelk 6ernceHdiniaiH apmmbipbir, OHbIH maramObiK KyHObIMbIFbIH
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