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Abstract

In this study, functional substances with antibacterial properties were extracted from the needles of Abies holophylla and Pinus
koraiensis, and optimized using the central composite design-response surface methodology (CCD-RSM). The optimal ex-
traction conditions for Abies holophylla were an extraction temperature of 59.5 °C and an ethanol/ultrapure water volume
ratio of 69.5 vol.%, resulting in an extraction yield of 13.5% and inhibition diameters of 11.6 mm against Escherichia coli
(E. coli) and 9.3 mm against Staphylococcus aureus (S. aureus). For Pinus koraiensis, the optimal extraction conditions were
an extraction temperature of 59.2 °C and an ethanol/ultrapure water volume ratio of 67.8 vol.%, resulting in an extraction
yield of 4.8% and inhibition diameters of 7.9 mm against E. coli and 12.5 mm against S. aureus. The actual experimental
results under these optimal conditions showed that an extraction yield from Abies holophylla needles was 13.0% and an in-
hibition diameter of 11.7 mm against E. coli and 9.2 mm against S. aureus, indicating an error rate of approximately + 2.3%.
For Pinus koraiensis needles, the extraction yield was 5.1%, with inhibition diameters of 7.5 mm against £E. coli and 12.3
mm against S. aureus, indicating an error rate of + 4.23%.
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Table 1. Two Variables and Corresponding Response Values Using CCD-RSM

Experimental condition

Abies holophylla needle extracts

Pinus koraiensis needle extracts

No. Temp. Ethanol Yield E. coli S. aureus Yield E. coli S. aureus
[°C] [vol.%] [%] [mm] [mm] [*%] [mm] [mm]
1 60.0 65.0 13.8 11.2 9.1 4.7 7.9 12.4
2 60.0 65.0 13.2 11.5 9.5 4.7 7.9 12.6
3 52.9 65.0 13.1 10.8 8.7 4.5 7.6 12.8
4 55.0 50.0 12.5 10.1 7.1 3.8 7.2 11.5
5 60.0 43.8 11.5 8.7 6.8 3.1 7.1 9.1
6 60.0 65.0 13.4 11.1 8.8 4.8 7.8 12.4
7 67.1 65.0 13.5 10.9 8.6 4.6 7.6 11.5
8 60.0 86.2 12.1 10.6 8.9 43 7.6 9.5
9 60.0 65.0 13.5 11.8 9.2 4.6 7.9 12.6
10 60.0 65.0 13.6 11.9 9.1 4.7 7.8 12.6
11 55.0 80.0 13.0 11.1 8.9 4.4 7.6 9.9
12 65.0 50.0 11.9 9.7 8.1 32 7.3 9.7
13 65.0 80.0 12.4 11.4 8.4 4.4 7.7 9.9
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Figure 1. Contour graph and Scatter plot of in 95% confidence interval of extraction yield, E. coli and S. aureus inhibition diameter of Abies

holophylla needle extracts.
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Table 2. CCD-RSM Variance Analysis of Regression Coefficients of the Various Response Values of Abies holophylla Needle Extracts
Yield [%] E.coli [mm] S.aureus [ mm]
Source
F-value P-value F-value P-value F-value P-value
Module 13.27 0.002 17.2 0.001 23.56 0.000
o 0.57 0.473 0.000 0.965 0.26 0.624
Ty 4.88 0.063 35.34 0.001 52.39 0.000
x? 1.24 0.302 4.03 0.085 8.66 0.022
lg 60.86 0.000 48.25 0.000 51.88 0.000
TyTy 0.000 1.000 1.19 0311 9.17 0.019
Lack of fit 2.75 0.177 0.58 0.657 0.94 0.501
R? 90.45 92.47 94.39
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Figure 2. Contour graph and Scatter plot of in 95% confidence interval of extraction yield, E. coli and S. aureus inhibition diameter of Pinus

koraiensis needle extracts.

Table 3. CCD-RSM Variance Analysis of Regression Coefficients of the Various Response Values of Pinus koraiensis Needle

Yield [%]

E. coli [mm]

S. aureus [mm]

Source
F-value P-value F-value P-value F-value P-value
Module 34.41 0 60.67 0 30.23 0
x 1.22 0.307 1.81 0.22 10.87 0.013
T, 70.73 0 102.82 0 0.7 0.431
2 4.54 0.071 46.77 0 4.35 0.075
2 95.17 0 171.95 0 134.37 0
T, 4.16 0.081 0 1 4.89 0.063
Lack of fit 8.75 0.031 0.81 0.549 28.43 0.004
R? 96.09 97.74 95.57
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(a) Abies holophylla — E. coli
Figure 3. Comparison of the inhibition diameters against E. coli and S. aureus for Abies holophylla and Pinus koraiensis needles extracts.
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