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9 - Fourier Transform Infrared Spectroscopy
10 - Response Surface Methodology

11- Central Composite Design
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5 - Scanning Electron Microscopy
- Atomic Force Microscope
- Average Roughness

8 - Root Mean Square Roughness
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Tablel. Experimental data from impacts of independent variables (OM, BSO) on responses including THI, D, WS, WVP, L*, a*, b*, AE, WI, YI,
DPPH, TPC, Ra and Rq by central composite design

Independent variables Coded levels 1 0 1

Okra mucilage (OM) A 1 2 3

Black cumin seed oil (BSO) B 0 0.25 0.5

Variables Responses

I:lu oM ]%S THI D S wvp L* a* b* AE  WI YI DIEP TPC Ra Rq
1 271 043 0.194  4.68 55.38 7.258 39.14 3699 4388 82.72 12.63 183.62 26.82 66.15 52.64 65.31
2 271  0.07 0.173 3.92 65.04 8.961 41.11  31.69 493 7879 1691 17134 398 62.18 3844 484l
3 2.00 025 0.145 2.62 55.14 7.511 46.15 2498 5123 7424 21.58 15859 1486 65.12 34.25 43.6
4 1.00 025 0.11 1.58 49.97 5.698 5194 1346 4979 6635 2949 13695 11.61 6035 1939 2438
5 2.00 025 0.14 2.73 54.96 7.814  47.13 2395 5222 7327 23.07 15656 14.12 6522 3225 40.54
6 2.00 025 0.146 2.61 54.68 6.923 4551 2526 51.01 7529 2199 159.61 1391 6497 3155 39.21
7 2.00 050 0.157 297 50.53 6.777 424 29.19 5025 77.53 1817 1693 1921 61.06 42.12 51.46
8 1.29 043 0.121 1.79 45.31 5.223 4929 16.15 4852 6771 2798 140.6 8.78 56.64 22.09 27.78
9 2.00 025 0.151 2.81 55.51 7.51 4598 23.69 5025 7482 20.85 15455 152 6529 36.55 4591
10 2.00 0.00 0.135 2.33 59.96 7.77 483 17.82  52.68 71.78 24.06 15582 264 59.17 2985 36.94
11 2.00 025 0.139 245 56.1 7.009  46.19 2597 5127 7396 2181 15983 145 6489 33.15 42.17
12 3.00 025 0.185 435 60.8 7.986 3942 3335 489 8036 1526 1772 3411 70.52 46.38 61.83

13 1.29  0.07 0.102 1.38 55.02 6.017 5323 11.72 50.07 6542 3049 13436 1621 54.62 18.11 23.06

OM: Okra mucilage, BSO: Black seed oil, THI: Thickness, D: Density, S: Solubility, WVP: Water vapor permeability,
L*: Lightness, a*: Redness, b*: Yellowness, AE: Total color difference, WI: Whiteness index, YI: Yellowness index,
TPC: Total phenolic content, Ra: Average roughness, Rq: Root Mean square roughness

Table 2. Variance analysis of the CMC/OM/BSO biocomposite film responses
including THI, D, WS, WVP, L*, a*, b*, AE, WL, YI, DPPH, TPC, Ra, Rq

Factor Suggested model R? p-value
Thickness (THI) Linear 0.96 0.0001*
Density (D) Linear 0.94 0.0001*
Solubility (S) Linear 0.97 0.0001*
Water vapor permeability (WVP) Linear 0.84 0.0001*
Redness (a) Linear 0.95 0.0001*
Yellowness (b*) Quadratic 0.7 0.0787 s
Lightness (L*) Linear 0.97 0.0001*

Total color difference (AE) Linear 0.95 0.0001*
Whiteness Index (WI) Linear 0.96 0.0001*
Yellowness Index (YI) Linear 0.95 0.0001*
DPPH Quadratic 0.97 0.0001*

TPC Quadratic 0.92 0.0009*

Ra Linear 0.94 0.0001*

Rq 2FI 0.97 0.0001*

The sign of * shows the significant state at P < (.05, ™ shows the not significant state.
2FI: Two factor interactions
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Fig 1. Desirability plot and contour plots of responses of the CMC/OM/BSO biocomposite films at various OM and BSO concentrations.
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FE-SEM surface micrographs of CMC/OM/BSO biocomposite films
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FE-SEM cross-sectional micrographs of CMC/OM/BSO biocomposite films

Fig 2. Photographs and FE-SEM surface and cross-sectional micrographs of CMC/OM/BSO biocomposite films at various OM and BSO concentrations, A
(OM:1.29%, BS0:0.07%), B (OM:1%, BS0:0.25%), C (OM:1.29%, BS0:0.43%), D (OM:2%, BS0O:0%), E (OM:2%, BS0:0.25%), F (OM:2%, BSO:0.5%), G
(OM:2.71%, BS0:0.07%), H (OM:3%, BS0:0.25%), I (OM:2.71%, BS0:0.43%).
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Fig 3. AFM surface micrographs of CMC/OM/BSO biocomposite films at various OM and BSO concentrations, A (OM:1.29%,
BS0:0.07%), B (OM:1%, BS0:0.25%), C (OM:1.29%, BS0:0.43%), D (OM:2%, BSO:0%), E (OM:2%, BS0:0.25%), F (OM:2%,
BS0:0.5%), G (OM:2.71%, BSO:0.07%), H (OM:3%, BSO:0.25%), I (OM:2.71%, BS0O:0.43%).
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Table 3. Optimum conditions for achieving optimal CMC/OM/BSO biocomposite film

Factor Goal Importance
Okra mucilage is in range 3
Black seed oil is in range 3
Thickness (THI) is in range 3
Density (D) is in range 3
Solubility (S) maximize 5
Water vapor permeability (WVP) maximize 5
Redness (a) is in range 3
Lightness (L*) minimize 3
Total color difference (AE) minimize 3
Whiteness Index (WI) minimize 3
Yellowness Index (YI) minimize 3
DPPH maximize 4
Ra minimize 2
Rq minimize 2
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The purpose of this work was to establish the biocomposite films made from
carboxymethyl cellulose (CMC) (1% w/v), okra mucilage (OM) (1-3% w/v)
and black cumin seed oil (BSO) (0-0.5% v/v). The impact of OM and BSO
concentrations on the properties of biocomposite films including the
thickness, density, water vapor permeability, water solubility, antioxidant
activity, color and microstructure properties was evaluated by response
surface methodology. The results demonstrated that the water solubility and
water vapor barrier properties of fabricated films increased at higher OM
concentrations, whereas by increasing BSO concentrations, these parameters
decreased. The parameters of redness (a*), total color difference value (AE)
and yellowness index (YI) have incremental trend after incorporating higher
OM and BSO concentrations, while the lightness (L*) and whiteness index
(WI) displayed a decline. Antioxidant activity (DPPH) and total phenolic
content (TPC) of films increased by increasing okra mucilage
concentrations, on the contrary the incorporation of BSO at higher
concentrations caused a diminish in antioxidant activity and total phenolic
content. Meanwhile, the AFM images indicated that the roughness
parameters (Ra, Rq) increased by increasing okra mucilage and black seed
oil concentrations. According to the analysis of variance, the proposed model
was significant for the all parameters (p < 0.05), except for the yellowness
parameter (b*), for which none of the models were statistically significant (p
> 0.05). Based on optimization, the optimal film was obtained with a
proportion of 1% OM and 0.5% BSO, with a desirability score of 0.75. The
recorded SEM images of the microstructural cross-sectional films indicated
that the porosity and discontinuity increased by increasing okra mucilage
amount, in contrast higher concentrations of black seed oil led to a decrease
in porosity of cross-sectional films. Additionally, FTIR analysis confirmed
the occurrence of new intermolecular interactions in the film matrix.
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