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Table 1. Solvents used to extract the active ingredients of fresh sour tea sepals

No. Solvents Abbreviation
1 Water W

2 Water/ 30% Sugar (Osmosis30) 030
3 Water/ 40% Sugar (Osmosis40) 040
4 Water/ 50% Sugar (Osmosis50) 050
5 Water/ 60% Sugar (Osmosis60) 060
6 10% Ethanol /Osmaosis 30 EO30
7 10% Ethanol /Osmaosis 40 EO40
8 10% Ethanol /Osmosis 50 EO50
9 10% Ethanol /Osmosis 40/Sonication EO40S
10 10% Ethanol /Osmaosis 50/Sonication EO50S
11 Osmosis 40/Sonication 040s
12 Osmosis 50/Sonication 050S
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Table 2. Analysis of variance (ANOVA) results for the effect of time and different extraction
methods on the pH and EC levels of fresh roselle calyces extracts.

Mean Squares

Sources DF

pH EC
Treatment 11 0.11** 1213383.09**
Time 3 125.9%* 26788483.25%*
Treatment x Time = 33 0.02** 239402.69**
Error 96 0.001 14.11
CV (%) - 1.24 10.91
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Table 3. The effect of different extraction treatments on changes in pH of the fresh calyx of roselle per time

Time (h)
Treat
0 1 6 12

1 w 6.31(ab) 3.08(e) 2.78(gf) 2.58(ji)

2 030 6.35(a) 2.77(gf) 2.67(ih) 2.45(onml)

3 040 6.37(a) 2.72(gh) 2.55(jk) 2.37(orpq)

4 050 6.25(bc) 2.71(gh) 2.52(jkI) 2.35(rqq)

5 060 6.15(d) 2.75(gfh) 2.44(onmpl) 2.3(n

6 EO30 6.24(bcd) 2.76(gf) 2.55(jk) 2.4(onmpQq)

7 EO40 6.18(cd) 2.82(f) 2.49(nmkKl) 2.4(onpQq)

8 EO50 6.25(bc) 2.78(gf) 2.46(onmkl) 2.43(onmp)

9 EO40S 6.18(cd) 2.48(nmkl) 2.40(onmpq) 2.32(rq)

10 EO50S 6.25(bc) 2.43(onmp) 2.43(onmpl) 2.36(rpq)
11 050S 6.25(bc) 2.38(orpq) 2.36(rpq) 2.32(rq)

12 040S 6.38(a) 2.49(jmkKI) 2.48(nmkl) 2.39(orpq)

Table 4. The effect of different extraction treatments on changes in EC of the fresh calyx of roselle per time
Time (h)
Treat
0 1 6 12
1 w 104.3(r) 1667.3(hij) 2383.3(ch) 2993.3(a)
2 030 104.3(r) 1251.3(Im) 1777.6(hfglj) 2543.3(b)
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3 040 86.03(r) 1096.3(nm) 1645.0(ij) 2206.6(cd)

4 050 63.40(r) 656.0(0qp) 1165.6(nm) 1658.0(ij)

5 060 41.63(r) 421.6(q) 950.3(on) 1274.3(Im)

6 EO30 88.90(r) 1280.0(Im) 2166.6(cd) 2630.0(b)

7 EO40 70.86(r) 883.3(onp) 1626.0(ij) 2064.6(fde)
8  EO50 49.80(r) 646.6(qp) 1313.6(kIm) 1616.6(ij)

9  EO40S 70.80(r) 1848.6(hfgie) 1990.6(fdge) 2070.0(fde)
10  EO50S 49.46(r) 1542.3(klj) 1608.3(kij) 1714.6(hgij)
11 050S 63.80(r) 1657.0(ij) 1660.6(ij) 1825.0(hfgij)
12 040S 86.40(r) 1777.0(hfgij) 1957.3(hfgde) 2128.3(cde)
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Table 5. The analysis of variance of the effect of different extraction methods on total phenol, total
flavonoid, anthocyanin, and antioxidant activity of fresh roselle calyces.

Mean Square

Source DF Total Phenol Flavonoid Anthocyanin IC50 IC50
(DPPH) (ABST)
Treat 11 912.19% 46.29* 87.53* 9456.03**  13882.47**
Error 24 215.16 1411 5.9 22.37 1112.46
CV. (%) - 9.57 10.8 24.1 13.09 11.01
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Pearson’s Correlation Coefficient (r)

Antioxidant Parameter

Total Phenol Total Flavonoid Anthocyanin
IC50 DPPH -0.89™ -0.58™ -0.80™
IC50 ABST -0.60™ -0.47" -0.66™

**: significant at p<0.01
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This research examines the efficiency of various methods for
extracting active compounds from hibiscus tea (Hibiscus sabdariffa),
focusing on osmotic techniques and the application of specific
pretreatments including ultrasound and ethanol. Hibiscus tea, known for its
high content of anthocyanins, flavonoids, and phenolic compounds,
possesses antioxidant, antibacterial, and blood pressure-lowering
properties, making it a rich source of beneficial medicinal and nutritional
compounds. In this study, fresh calyces of hibiscus tea were used for
extraction, and the impact of different concentrations of osmotic solutions
and ultrasound pretreatment in the presence of ethanol on the extraction
yield of compounds was investigated. The results indicate that the
combination of osmotic methods with ultrasound pretreatment and ethanol
solvent significantly increases the yield of phenolic and flavonoid
compounds. The highest amount of these compounds was obtained from the
EO50S treatment, which included a 50% sucrose osmotic solution
combined with ultrasound and ethanol. This method demonstrated better
performance due to the preservation of the antioxidant properties of the
extracted materials, especially compared to conventional extraction
methods. Additionally, the results of the principal component analysis
showed that the methods EO50S, EQ40S, and O40S exhibited the highest
efficiency in extracting plant active compounds. Overall, the findings of this
research suggest that osmotic methods combined with ultrasound and
ethanol provide an efficient and environmentally friendly approach for
extracting active compounds from hibiscus tea, and could be applied in the
pharmaceutical and food industries for extracting beneficial compounds
from medicinal plants.
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