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If (TPC is L) and (Antioxidant activity is L) and
(Extraction rate is L) then (Score is VB)

If (TPC is L) and (Antioxidant activity is L) and
(BExtraction rate is M) then (Score is B)

If (TPC is M) and (Antioxidant activity is M) and
(BExtraction rate is M) then (Score is M)

If (TPC is H) and (Antioxidant activity is H) and
(BExtraction rate is L) then (Score is G)

If (TPC is VH) and (Antioxidant activity is VH) and
(BExtraction rate is VH) then (Score is VG)
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Fig. 1. Effect of solvent type and extraction methods on the percentage of extraction efficiency (Yield)
Different letters indicate significant difference among solvent type and extraction methods (p< 0.05)
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Fig.2. The effect of solvent and extraction method on the content of total phenolic compounds
Different letters indicate significant difference among solvent type and extraction methods (p< 0.05)
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Fig. 3. The effect of solvent and extraction method on the amount of antioxidant activity
Different letters indicate significant difference among solvent type and extraction methods (p< 0.05)
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Table. 1.Ranking of extraction methods using fuzzy logic

Method Rank  Defuzzification Yield AA TPC

Ultrasound-Ethanol 1 89.2 10.65 86.26 42925
Ultrasound-M ethanol 2 88.5 9.59 85.35  355.36
M aceration-Ethanol 3 50 6.96 80.97  333.69
M aceration-M ethanol 3 50 7.39 81.87  415.08
Decoction-Ethanol 3 50 24.43 79.62 338.69
Decoction-M ethanol 3 50 16.9 76.8 325.08

TPC: total phenolic compound, AA: antioxidant activity, Yield: extraction efficiency.
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Table. 2. The results of the best extract analysis by HPLC/MS

Peak IDg RT(min) Peak area (%) Recovery (%) Concentration(pg/mg)
Rutin 7.21 15.22 95 13,511
Quercitrin 9.67 10.67 98 10.028
P-Coumaric acid 10.18 8.86 91 7.509

Quercetin 13.71 28.56 96 26.659

Caffeic acid 14.22 9.27 99 9.069

Luteolin 14.45 17.46 97 19.697
Kaempferol 18.11 9.94 93 9.903
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Introduction: Medicinal plants are regarded as valuable sources for the development of safe pharmaceuticals
and have attracted significant attention in developed countries. Iran is recognized as one of the richest reservoirs
of these plants. Amygdalus lycioides is rich in diverse bioactive compounds that contribute to its therapeutic and
pharmacological properties. Quercetin, a flavonoid with strong anti-inflammatory, antioxidant, and anticancer
effects, plays a crucial role in enhancing immune system function and alleviating chronic inflammation. In
Prunus amygdalus Gallic acid and Catechin are the main compounds. Gallic acid, a potent antioxidant,
effectively neutralizes free radicals and mitigates oxidative stress, while also exhibiting antibacterial and
anticancer activities. Catechin, another flavonoid, demonstrates antioxidant and cytoprotective activities,
helping to lower LDL cholesterol and prevent cardiovascular diseases.

In recent years, advanced extraction techniques such as ultrasound-assisted extraction, high-pressure
technologies, and microwave-assisted extraction have gradually replaced conventional methods due to their
higher efficiency and reduced processing time. These techniques enable the recovery of plant-derived bioactive
compounds with minimal degradation. To obtain the best extraction procedures, various approaches are
employed, among which fuzzy logic systems have been recognized as highly suitable tools for ranking and
evaluating processes in the industry. This study aimed to investigate and find the best extraction methods of
bioactive compounds from the aerial parts of Amygdalus lycioides using a fuzzy logic approach.

Materials and methods: The extraction methods evaluated included decoction, maceration, and ultrasound-
assisted extraction, employing ethanol-water and methanol-water solvent systems. Decoction was conducted at
70 °C for 30 min, maceration at 25 °C for 3 days, and ultrasound extraction at 50 °C for 15 min with a
continuous frequency of 40 kHz. After the extraction process, the extraction yield, total phenolic content, and
antioxidant activity were determined. A fuzzy logic system was then employed for ranking and identifying the
best treatment. Finally, the major phenolic compounds in the best extract were characterized using HPLC/MS
analysis.

Results and discussion: The results indicated that the type of solvent had significant effect on extraction yield
(p > 0.05). However, analysis of variance (ANOVA) revealed a significant effect of the extraction method on
extraction yield (p <0.05). The highest extraction yield was obtained using the decoction method, whereas the
lowest yield was observed with maceration. At a 95% confidence level, a significant effect of the extraction
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method on total phenolic content was observed (p <0.05). The results indicated that the ultrasound-assisted
extraction with ethanol-water solvent exhibited the highest antioxidant activity (86.26%) and total phenolic
content (429.25 mg GAE/100 mL), while the decoction method with methanol-water showed the lowest values
(76.80% and 325.08 mg GAE/100 mL, respectively). A significant interaction between solvent type and
extraction method on free radical scavenging activity was also observed at the 95% confidence level. During
fuzzy logic approach, each method was ranked based on antioxidant activity, total phenolic content, and
extraction yield. The highest rank was assigned to the 70% ethanol-ultrasound method (score: 89.2, rank 1),
followed by the 70% methanol-ultrasound method (score: 88.5, rank 2). All other methods received a rank of 3
with a score of 50. Accordingly, the 70% ethanol-ultrasound method was selected as the best extraction
technique. HPLC/MS analysis of the best extract further revealed that Amygdalus lycioides contains abundant
bioactive compounds, including quercetin, rutin, and caffeic acid.

Conclusions: In this study, extraction methods for bioactive compounds from the aerial parts of Amygdalus
lycioides were evaluated and ranked using a fuzzy logic approach. The highest total phenolic content was
observed in the ultrasound—ethanol extract, reaching 429.25 mg GAE/100 mL, while the lowest was obtained
from the decoction—methanol extract at 325.08 mg GAE/100 mL. The strongest antioxidant activity was
reported for the ultrasound—ethanol method (86.26%), whereas the lowest activity was observed for the
decoction—methanol method (76.80%). Fuzzy ranking indicated that the ultrasound—ethanol method achieved
the highest score (89.2) and ranked first, followed by the ultrasound—methanol method with a score of 88.5 and
second rank. The remaining methods received equal scores of 50. Therefore, the ultrasound—ethanol method was
selected as the best extraction technique. HPLC/MS analysis further revealed that A. lycioides contains abundant
bioactive compounds, including quercetin and rutin.

Keywords: Antioxidant activity, Amygdalus lycioides extract, ultrasound-assisted extraction, total phenolic
compounds, maceration



