
Ooptimization of a solid-liquid extraction method for blackberry fruits bioactive 
compounds using a Box-Behnken design.

INTRODUCTION

Blackberries (Rubus fruticosus) are rich in phenolic compounds with
notable antioxidant, anti-inflammatory, and antimicrobial properties,
making them valuable as functional food ingredients1,2. This study
optimized the solid-liquid extraction method using GRAS solvents
(ethanol and water), with total phenolic content as dependent
variable. Response Surface Methodology (RSM) was employed to
enhance the efficiency and sustainability of the extraction process
for potential food and nutraceutical applications.

MATERIALS AND METHODS

RESULTS

The Box-Behnken design revealed that ethanol concentration (β1),
extraction time (β2), and temperature (β3) significantly affected
total phenolic content (TPC). The response surface model showed a
high predictive accuracy (R² = 0.9981) with no significant lack of fit (p
> 0.05). The strongest effects on TPC were observed for ethanol
concentration, followed by time and temperature, with significant
linear and quadratic terms. Optimal extraction conditions were
determined as 50% ethanol, 14.5 h, and 50 °C, yielding 31.1 ± 4.9 mg
gallic acid equivalents (GAE)/g dry weight (predicted value of
31.66 ± 0.75 mg GAE/g d.w). A total of 34 phenolic compounds were
characterized by UPLC-QTOF-MS, including phenolic acids,
flavonoids, ellagitannins, lignans, and anthocyanins, with cyanidin-3-
O-glucoside (1635.15 μg/g d.w.), cyanidin-3-O-rutinoside
(505.34 μg/g d.w.), and sanguiin H6 isomer (35.09 μg/g d.w.) being
the most abundant.

CONCLUSIONS

Response Surface Methodology successfully optimized the extraction
of antioxidant phenolic compounds from blackberry fruits. The model
demonstrated excellent predictive accuracy and robustness, defining
optimal conditions (50% ethanol, 14.5 h, 50 °C) that maximize
extraction efficiency while maintaining sustainability. Additionally,
UPLC-QTOF-MS characterization revealed a rich phenolic profile, with
cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, and sanguiin H6
isomer identified as the major compounds. These findings support
the development of high-value blackberry extracts for functional food
and nutraceutical applications.
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Figure 1. Response surface plots showing combined effects of process variables for
TPC (mg GAE/g d.w.): temperature (ºC)—time (h) (a), temperature (ºC)—% EtOH (b)
and % EtOH—time (h) (c). Optimal conditions of extraction and predicted and
empirical values of the model (n=3)

Equation 1. Second order polynomial equation for RSM.
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Table 4. Identification and quantification of phenolic compounds present in
blackberry extract.
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