
3264 

 

Turkish Journal of Agriculture - Food Science and Technology, 13(11): 3264-3275, 2025 
DOI: https://doi.org/10.24925/turjaf.v13i11.3264-3275.7944 

 

 

Turkish Journal of Agriculture - Food Science and Technology 

Available online, ISSN: 2148-127X  │www.agrifoodscience.com │ Turkish Science and Technology Publishing (TURSTEP) 
 

 

Analysis of the Effects of Black Elderberry Extract on Climbing Performance and 

Locomotor Behaviours of Drosophila melanogaster Using Artificial Intelligence 
 

Mehmet Fidan1,a,* 

 
1Amasya University, Institute of Science, 5000, Amasya, Türkiye. 
*Corresponding author 

A R T I C L E  I N F O  A B S T R A C T  

 

Research Article  

 

Received : 07.06.2025 

Accepted : 16.07.2025 

 

This study investigates the impact of black elderberry (Sambucus nigra L.) extract on the climbing 

performance and locomotor behaviours of Drosophila melanogaster, utilizing AI-supported image 

analysis. Oregon strain fruit flies were fed diets with different concentrations (1%, 3%, 5%) of black 

elderberry extract, administered both acutely (48 hours) and chronically (10 days). Young (3-5 days 

old) and aged (40-45 days old) flies, separated by sex, were evaluated with the negative geotaxis 

test. Results showed that the extract improved climbing speed, maximum height reached, and path 

efficiency in a concentration-dependent manner. In young flies, 5% extract increased climbing 

speed by 46.67%, while in aged flies, the increase was 62.75%. Behavioural analysis using K-means 

clustering revealed that extract-fed flies were more frequently classified as “fast climbers.” Chronic 

exposure proved more effective than acute exposure. Notably, aged flies experienced significant 

improvements, suggesting black elderberry may slow age-related declines in performance. These 

findings emphasize the extract’s antioxidant properties as a potential enhancer of locomotor 

function and a means to mitigate age-related decline, offering insights into the role of natural 

antioxidants in aging and their therapeutic potential. 
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Introduction 

Black elderberry (Sambucus nigra L.), a member of the 

Adoxaceae family, is a perennial shrub or small tree 

commonly found in the temperate regions of Europe, North 

America, and Asia. Growing to a height of 3-10 meters, it 

is known for its white flowers and dark purple-black 

berries (Atkinson & Atkinson, 2002). Recent research has 

shown that not only the European subspecies S. nigra ssp. 

nigra, but also the American elderberry (S. nigra ssp. 

canadensis) and blue elderberry (S. nigra ssp. cerulea) 

subspecies have significant bioactive properties (Uhl & 

Mitchell, 2024). The fruit, flowers, and sometimes leaves 

of the plant have been used in traditional medicine for 

centuries. In Europe, it has been widely used to treat colds, 

influenza, and other upper respiratory infections 

(Vlachojannis et al., 2010).  

The phytochemical composition of black elderberry is 

notably abundant. Its berries contain anthocyanins 

(cyanidin-3-sambubioside, cyanidin-3-glucoside, 

cyanidin-3-sambubioside-5-glucoside), flavonoids 

(quercetin, kaempferol, rutin), phenolic acids (chlorogenic 

acid, neochlorogenic acid, cryptochlorogenic acid), and 

vitamins (especially vitamin C) (Veberic et al., 2009). 

Recent research by Haș et al. (2023) has confirmed the high 

antioxidant capacity, antimicrobial activity, and 

bioavailability of black elderberry’s bioactive components, 

while also revealing its potential as a prebiotic. The flowers 

are rich in flavonoids, essential oils, mucilage, and tannins. 

These bioactive compounds give black elderberry (Sidor et 

al., 2025) potent antioxidant, anti-inflammatory, antiviral, 

and immunomodulatory properties.   

Modern scientific research has confirmed the health 

benefits of black elderberry. Clinical studies have shown 

that black elderberry extract can reduce the duration and 

severity of influenza symptoms, and it possesses potent 

antioxidant properties (Zakay-Rones et al., 2004). Recent 

research has also investigated the polyphenolic chemical 

composition of elderberry extracts and validated their 

potential in preventing health issues associated with 

oxidative stress (Osman et al., 2023).  

Although studies on black elderberry using fruit flies 

are limited, it is known that various anthocyanin-rich plant 

extracts exert positive effects in Drosophila. Peng et al. 

(2012) showed that blueberry extract extends the lifespan 

and enhances locomotor activity in D. melanogaster. A 

recent study has shown that walnut by-products and 

elderberry extracts offer sustainable alternatives for human 

and plant health, supporting the positive effects of these 

extracts on living systems (Sandu-Bălan et al., 2024). 

Similarly, Wang et al. (2015) reported that cranberry 

http://creativecommons.org/licenses/by-nc/4.0/
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anthocyanin extract increases lifespan and stress resistance 

in D. melanogaster, commonly known as fruit flies.   

D. melanogaster is a widely used model organism in 

biomedical research because of its advanced genetic tools, 

short lifespan, and about 75% genetic similarity to the 

human genome (Pandey et al., 2011). The climbing 

behavior of flies is a crucial parameter for evaluating 

neuromuscular function. Known as “negative geotaxis,” 

this behavior shows the tendency of flies to climb upward 

after falling. The negative geotaxis test is often used to 

evaluate the effects of aging, neurodegenerative diseases, 

and various chemical compounds on locomotor function 

(Gargano et al., 2005). A recent study by Noer et al. (2024) 

highlighted the significance of diurnal variations and 

genetic factors in the locomotor activity of D. melanogaster 

under natural thermal conditions, providing new insights 

into how environmental factors influence the movement 

abilities of flies. The D. melanogaster climbing test is a 

popular behavioral analysis method for evaluating motor 

function, aging, neurodegenerative diseases, and the 

impact of genetic modifications (Pick & Strauss, 2005; 

Spierer et al., 2020; Canic et al., 2025). This traditionally 

manual test has limitations, such as observer bias and low 

throughput. Recently, the use of artificial intelligence (AI), 

machine learning, and computer vision techniques has 

allowed for automatic, highly accurate, and high-

throughput analysis of Drosophila climbing behavior 

(Geissmann et al., 2017; Günel et al., 2019; Spierer et al., 

2020; Leng et al., 2020; Mattins et al., 2025). Open-source 

platforms, such as FreeClimber, minimize systematic 

biases compared to manual methods through background 

subtraction and automatic data processing in video-based 

analyses. Systems like Ethoscopes and DeepFly3D offer 

real-time behavioral tracking and 3D spatial analysis 

(Spierer et al., 2020; Geissmann et al., 2017; Günel et al., 

2019). Additionally, deep learning techniques like 

YOLOv4 provide human-level accuracy in automatically 

detecting falls and movement disorders.  

FreeClimber is a Python-based, open-source platform that 

automatically evaluates Drosophila climbing performance. It 

provides faster and less biased analysis than manual methods 

by utilizing background subtraction and batch data processing 

(Spierer et al., 2020). Ethoscopes enable high-throughput 

analysis through real-time behavioral tracking and machine 

learning algorithms (Geissmann et al., 2017). DeepFly3D 

offers detailed and accurate behavioral measurements by 

tracking limbs in 3D with multiple cameras (Günel et al., 

2019). Deep learning methods, such as YOLOv4, achieve 

human-level accuracy in automatically detecting falls and 

movement abnormalities. A recent breakthrough study by 

Mattins et al. (2025) successfully utilized these algorithms to 

identify and quantify falls in Drosophila, demonstrating that 

fall frequency increases dramatically 2-4 hours before death 

in flies undergoing dehydration/starvation stress, shedding 

new light on the connection between locomotor decline and 

mortality. 

Machine learning algorithms are commonly used for 

automatically classifying and tracking Drosophila 

behaviors (Leng et al., 2020; Huang et al., 2024). In 

particular, supervised learning algorithms provide more 

reliable results by accounting for behavioral differences 

and sex combinations (Leng et al., 2020). Computer vision 

techniques, on the other hand, allow for detailed analysis 

of parameters such as multiple object tracking, movement 

direction, and speed (Canic et al., 2025). Yarwais et al. 

(2020) effectively implemented OpenCV-based computer 

vision algorithms in Python to automate data collection 

from Drosophila movement assays, including larval 

crawling and negative geotaxis tests, demonstrating 

significant improvements in accuracy and efficiency over 

manual annotation methods. 

Additionally, pre-trained deep learning models are 

often used for automatic analysis of microscopic and 

tomographic images of the Drosophila brain, heart, and 

other tissues. Models based on Dragonfly, YOLOv8, 

Detectron2, ResNet-50, InceptionV3, MobileNet, and U-

Net offer high accuracy for tasks such as sex density (C. 

Chola et al., 2022; Rai et al., 2025), brain segmentation 

(McDaniel et al., 2022), heart segmentation, and functional 

analysis (Ouyang et al., 2024; Melkani et al., 2024). 

Moreover, Visual Language Models (VLMs) and transfer 

learning techniques have shown potential for the 

automated detection of phenotypic variation (De Almeida 

et al., 2023; Paci & Nanni, 2024). 

Various factors can influence the climbing performance 

of fruit flies. Jones and Grotewiel (2011) demonstrated that 

diet composition, physical activity, and genetic factors 

significantly impact locomotor function in flies. Diets rich 

in antioxidants are believed to help reduce age-related 

declines in performance. The effects of antioxidant-rich 

plant extracts on the climbing abilities of Drosophila have 

been studied. Peng et al. (2012) showed that apple 

polyphenols extend the average lifespan of D. 

melanogaster, attributing this to their antioxidant 

properties. Wagner et al. (2015) reported that green tea 

components, such as epigallocatechin gallate (EGCG), 

influence glucose metabolism and enhance physical 

performance in Drosophila.   

Age-related increases in oxidative stress, mitochondrial 

dysfunction, and neuromuscular degeneration cause 

declines in locomotor performance. The high anthocyanin 

content of elderberry (especially cyanidin-3-

sambubioside) may reverse these issues by supporting the 

mitochondrial respiratory chain and neutralizing reactive 

oxygen species. In this study, we tested the hypothesis that 

elderberry extract would improve Drosophila climbing 

performance in a dose-dependent manner, that this effect 

would be more pronounced in aged flies, and that chronic 

application would be more effective than acute application. 

In this study, we aimed to examine the effects of black 

elderberry extract on the climbing performance of D. 

melanogaster using AI-supported image analysis methods. 

Because of its high content of anthocyanins and flavonoids, 

we hypothesized that black elderberry could improve the 

locomotor function of fruit flies, mainly by enhancing 

mitochondrial health and providing neuroprotection. We 

evaluated the short-term and long-term effects of various 

concentrations of black elderberry extract on the climbing 

abilities of flies across different age groups, utilizing 

YOLOv8-nano object detection, DeepSORT tracking 

algorithms, and K-means clustering for automated 

behavioral classification and accurate measurement of 

locomotor parameters. The importance of this research 

extends beyond basic biology and includes potential 

applications in agriculture and medicine. In agriculture, 

understanding how natural antioxidants influence insect 
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locomotor performance could help develop sustainable 

pest management strategies or ways to boost the activity of 

beneficial insects. Additionally, since Drosophila shares 

genetic similarities with mammals, these findings might 

offer insights into age-related declines in human motor 

function and suggest potential therapeutic approaches 

using natural antioxidants to support mobility and improve 

quality of life in aging populations. 

 

Materials and Methods 

 

Experimental animals and rearing conditions 

In this study, wild-type D. melanogaster Oregon-R was 

used, obtained from FIDANS FLY LAB. All experiments 

were conducted at 25 ± 1°C, 60% relative humidity, and a 

12-hour light/12-hour dark cycle. Flies were raised on a 

standard yeast-sugar-cornmeal medium. Male and female 

flies were tested separately in different experimental 

groups. Young adult flies (3-5 days old) and older flies (40-

45 days old) were used for each group. 

 

Preparation of black elderberry extract 

 

Black elderberry (S. nigra L.) fruits were obtained from 

a local supplier, and Dr. Hatice ÜSTÜNER verified their 

botanical characteristics. After separating the seeds and 

cleaning the fruits, they were processed according to the 

lyophilization method described by Petkova-Parlapanska 

et al. (2025). The fruits were subjected to ultrasonic 

treatment (80 kHz) using a piezoceramic emitter bath at 

22°C for improved juice extraction, then filtered through 

cotton and a 0.8 μm nylon-membrane syringe filter. The 

extract was lyophilized under controlled conditions: 300 

rpm for 10 minutes with a layer thickness of 1 cm at -45°C, 

followed by vacuum-sublimation drying for 24 hours. The 

lyophilized samples were ground into powder and stored 

correctly. 

To prepare the extract, 20 g of powdered black 

elderberry was mixed with 200 ml of 70% ethanol and 

stirred in the dark at room temperature using a magnetic 

stirrer for 48 hours. The mixture was then filtered through 

Whatman No. 1 filter paper, and the ethanol was removed 

with a rotary evaporator at 40°C. The resulting 

concentrated extract was lyophilized into powder and 

stored at -20°C until use. This optimized lyophilization 

method was designed to preserve bioactive compounds and 

maintain enhanced antioxidant capacity, as shown in recent 

nephroprotective studies. 

 

Experimental groups and diet application 

The flies were divided into the following groups: the 

Control Group received a standard yeast-sugar medium; 

Group A received the standard medium supplemented with 

1% black elderberry extract; Group B received the standard 

medium supplemented with 3% black elderberry extract; 

and Group C received the standard medium supplemented 

with 5% black elderberry extract. 

Each group was further divided into subgroups. In 

various studies, the average lifespan of D. melanogaster is 

reported to be 60 to 80 days. In our study, based on this 

average, flies aged 40-45 days were classified as elderly 

individuals (Fernández-Moreno et al., 2007; Piper & 

Partridge, 2016; Staats et al., 2018). Four age-sex groups 

were formed: young males (3 days old), young females (3 

days old), and aged females (45 days old). Both acute (48 

hours) and chronic (10 days) exposure durations were 

tested for each experimental group. At least 30 flies per 

subgroup (3 replicates of 10 flies each) were used. 

 

Climbing test (negative geotaxis test) 

To assess the climbing ability of the flies, the rapid 

iterative negative geotaxis (RING) test, as described by 

Gargano et al. (2005), was adapted and utilized. The setup 

included transparent tubes that were 20 cm long and 2 cm 

in diameter, with external markings at 5 cm, 10 cm, and 15 

cm heights. 

The test procedure was carried out as follows: For each 

test group, 10 flies were gently anesthetized with CO₂ and 

then transferred to test tubes after being fed the diet. A 30-

minute recovery period was allowed for the flies to fully 

recover from anesthesia. At the start of the test, the tube 

was gently tapped to ensure all the flies settled at the 

bottom. Video recording was immediately started, and the 

number of flies reaching each height (5, 10, 15 cm) was 

recorded at 3, 6, 10, 20, and 30 seconds. This process was 

repeated three times per group, with a 1-minute rest 

interval between repetitions. During the test, an LED panel 

providing even illumination against a transparent 

background was used. All tests were conducted during the 

flies’ most active hours (9:00-11:00 AM). 

 

Food intake assessment  

To confirm that observed differences in climbing 

performance were not caused by changes in feeding 

behavior due to extract supplementation, a two-choice taste 

preference assay was conducted following the method of 

Bantel & Tessier (2016), with modifications for elderberry 

extract testing. Flies from each treatment group (n = 100 

per group) were transferred to starvation vials containing 

water-saturated cotton balls and maintained at 25°C with 

over 70% humidity for 24 hours before testing. Two-choice 

preference chambers were prepared using 100 mm × 15 

mm petri dishes. The control tastant (standard medium 

without extract + 1.3% red food coloring) was applied as 

three 10 μl drops at the 12 and 6 o’clock positions. The test 

sample (medium with the respective extract concentration 

+ 1.0% blue food coloring) was placed as three 10 μl drops 

at the 3 and 9 o’clock positions. Food coloring 

concentrations were empirically optimized to prevent 

inherent preference bias. Starved flies (~100 per replicate) 

were briefly anesthetized with CO₂ (<10 seconds), 

transferred to the centers of the preference chambers, and 

incubated at 25°C for 2 hours in darkness. After feeding, 

flies were frozen at -20°C until scoring. Under a 

stereomicroscope, flies were categorized based on 

abdominal coloration: red (control medium consumed), 

blue (extract medium consumed), purple (mixed 

consumption), or clear (non-participants). The preference 

index was calculated as: (Nblue + 0.5Npurple)/(Nblue + 

Nred + Npurple), with values near 0.5 indicating no 

preference, values above 0.5 indicating a preference for the 

extract, and values below 0.5 indicating avoidance. Five 

independent replicat es was performed for each treatment 

group (total n=500 per group). Preference indices were 

compared using one-way ANOVA, followed by Dunnett’s 

post-hoc test against the control medium preferences. 
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Image Analysis and Artificial Intelligence Data 

Processing 

Climbing tests were recorded at 60 FPS in 1080p 

resolution. These recordings were analyzed using a 

custom-developed AI algorithm. The following steps were 

taken for image processing and data analysis. 

 

Preprocessing 

Video frames were preprocessed with Gaussian 

filtering (σ = 1.2) to reduce noise and contrast-limited 

adaptive histogram equalization (CLAHE, clipLimit = 2.0, 

tileGridSize = (8, 8)) to enhance contrast. Background 

subtraction was done using the MOG2 (Mixture of 

Gaussians) algorithm (history=120, varThreshold=36, 

detectShadows=False) from the OpenCV library. These 

settings were empirically optimized to produce binary 

masks that display moving fly objects as white against a 

black background, thereby enhancing the accuracy of 

subsequent detection algorithms. In line with recent 

developments, open-source software tools such as 

LabGym (Hu et al., 2023) provide more comprehensive 

and user-friendly options for analyzing Drosophila 

behaviors using artificial intelligence. These tools include 

graphical interfaces and automated workflows that enable 

biologists to perform complex behavioral analyses without 

requiring manual coding, scripting, or software 

development skills, making advanced computational 

methods accessible to researchers with a primary 

biological background. 

 

Region of Interest (ROI) Definition 

Before fly detection, manually define the Region of 

Interest (ROI) boundaries for each climbing tube to focus 

the analysis on the experimental area and reduce 

background noise. ROI coordinates are set by marking the 

inner edges of each transparent tube (20 cm high × 2 cm 

diameter) using pixel-based coordinate mapping. The ROI 

mask ensures that detection algorithms only target the 

climbing arena, avoiding false positives from external 

objects or reflections. ROI parameters are calibrated using 

the known physical size of the apparatus, with a pixel-to-

distance conversion factor of 54 pixels per centimeter. This 

preprocessing step enhances detection accuracy by 

reducing computational load and eliminating irrelevant 

background regions from the analysis. 

 

Fly detection 

Fly detection was performed using a pre-trained 

YOLOv8-nano model (Ultralytics framework) optimized 

for small object detection. The model was transferred from 

the MS COCO dataset with a confidence threshold of 0.25, 

an IoU threshold of 0.45, and a maximum of 50 detections 

per frame. No additional training was conducted on the 

detection model, as it relied on the strong feature detection 

capabilities of the pre-trained weights to identify biological 

objects. The detection performance of the YOLOv8-nano 

model is summarized in Table 1. All analysis was carried 

out on Google Colaboratory (Colab Pro) with an NVIDIA 

Tesla T4 GPU (15 GB VRAM), an Intel Xeon CPU, and 

25 GB of system RAM. The implementation utilized 

Python 3.10.12, PyTorch 2.0.1, and the Ultralytics 

YOLOv8 4.0.32 framework, which supports CUDA 11.8. 

To improve efficiency, frames were processed with 

adaptive scaling (using a scale factor of 0.7 for resolutions 

above 1080p) and frame skipping (processing every fourth 

frame). A fallback detection method utilizing adaptive 

thresholding and contour analysis was employed when 

YOLO confidence was low. The complete detection 

pipeline achieved processing speeds of approximately 15-

20 FPS for 1080p video on the specified hardware. 

 

Climbing metrics calculation 

Custom Python software (Python 3.8, NumPy 1.19.5, 

and SciPy 1.6.0) was developed to calculate climbing 

performance metrics for each fly. Vertical climbing speed 

(cm/s) was calculated as the total vertical distance divided 

by the time spent in motion. Time to reach specific heights 

(5, 10, 15 cm) was recorded when flies first reached each 

height benchmark. Maximum climbing height was defined 

as the highest vertical position achieved during the 30-

second test period. Path efficiency was calculated as the 

ratio of vertical distance to total distance, where a value of 

1.0 indicates a perfectly straight trajectory. Resting periods 

were defined as intervals of no movement, specifically 

consecutive frames where pixel-based movement was less 

than 0.05 cm. Pixel-to-distance conversions were 

calibrated using known physical tube dimensions (20 cm 

height, 2 cm diameter), resulting in a conversion factor of 

approximately 54 pixels per centimeter. This calibration 

ensured accurate spatial measurements across all 

experimental conditions (Figure 1). 

 

Motion tracking 

The DeepSORT (Simple Online and Real-time 

Tracking with a Deep Association Metric) algorithm was 

used to track each fly’s movement frame by frame, 

assigning a unique ID to every fly and capturing its 

trajectory. The algorithm combines a Kalman filter-based 

prediction with a deep learning-based appearance feature 

matching approach. It was optimized with 

max_cosine_distance=0.4, nn_budget=100, max_age=30 

frames, and min_hits=3. The performance metrics of the 

tracking system are shown in Table 2. 

These metrics ensured consistent tracking of individual 

flies throughout the entire experiment, which is crucial for 

precise behavioral analysis. Figure 2 illustrates the fly 

detection and trajectory tracking system used to monitor 

individual flies across different experimental conditions. 

 

Table 1. Performance metrics of the YOLOv8 model for fly detection 

Metric Value 

Detection Accuracy (mAP at IoU threshold 0.5) >95% 

Precision 0.97 

Recall 0.96 

F1-Score 0.965 

AUC (Area Under ROC Curve) 0.98 
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Table 2. Performance metrics of the DeepSORT tracking system 

Metric Value 

MOTA (Multiple Object Tracking Accuracy) 92.7% 

MOTP (Multiple Object Tracking Precision) 89.3% 

ID Switch Rate 0.04 switches/track 

Fragmentation Rate 0.08 fragments/track 
 

Table 3. Behavioral categorization criteria for climbing performance 

Category Speed (cm/s) Efficiency Resting Duration (s) 

Fast climbers >0.85 >0.75 <3 

Slow but steady climbers 0.40-0.85 0.60-0.75 3-5 

Frequent resters <0.40 <0.60 >5 
 

  
Figure 1. Drosophila climbing apparatus and spatial 

calibration 

Figure 2. Fly detection and trajectory tracking system 

 

Table 4. ANOVA results for age and sex effects on climbing performance 

Effect F-value p-value ηp² Effect Size 

Age effect F (1,116) = 45.21 p< 0.001 0.28 Large 

Sex effect F (1,116) = 3.87 p= 0.052 0.03 Small 

Age × Sex interaction F (1,116) = 1.23 p 0.271 0.01 Negligible 

 

Behavioral analysis 

Advanced behavioral classification was performed using 

a custom-trained K-means clustering algorithm implemented 

in the Google Colab environment. The clustering process 

extracted detailed movement parameters and used machine 

learning techniques for automated behavioral categorization. 

Seven weighted behavioral features were derived from 

tracking data: climbing speed (weight = 1.2), path efficiency 

(weight = 1.0), resting frequency (weight = 1.1, inverted), total 

resting duration (weight = 0.9, inverted), time to reach 15 cm 

(weight = 1.1, inverted), angular velocity, and step size 

variability. All features were normalized with z-score 

standardization to ensure equal contribution regardless of their 

scale. The K-means algorithm used K-means++ initialization 

to enhance convergence and reduce the risk of poor local 

optima. Training parameters included a maximum of 100 

iterations, a convergence threshold of 0.001 for centroid 

movement, and an optimal cluster number (k = 3) identified 

through silhouette analysis. Clustering quality was assessed 

with multiple validation indices: the silhouette coefficient 

(0.72), the Davies-Bouldin index (0.43), and the Calinski-

Harabasz index. Cross-validation was performed using a 10-

fold approach to verify model stability and generalizability. 

The algorithm consistently converged within 35 to 40 

iterations in all tests. The trained model achieved high 

classification accuracy with statistically significant 

differences between behavioral groups (p<0.001, ANOVA). 

The final behavioral groups, labeled “Fast climbers,” “Steady 

climbers,” and “Frequent resters,” exhibited distinct 

kinematic profiles, which were confirmed through a manual 

review of representative trajectories. 

 

Statistical analysis 

All data are presented as mean ± standard error. The 

normality of the data was tested using the Shapiro-Wilk 

test (α = 0.05); climbing speed and path efficiency data 

were normally distributed, whereas resting durations were 

not. For group comparisons, one-way analysis of variance 

(ANOVA) followed by Tukey’s HSD post-hoc test was 

used for normally distributed data, and the Kruskal-Wallis 

test followed by Dunn’s post-hoc test was used for non-

normally distributed data. Effect sizes were calculated 

using partial eta squared (ηp²) for parametric tests and 

epsilon squared (ε²) for non-parametric tests. Bonferroni 

correction was applied for multiple comparisons in post-

hoc tests. ANOVA results are shown in Table 4. 

The interpretation of effect sizes followed the criteria 

suggested by Cohen (1988): partial eta squared (ηp²) values 

of 0.01, 0.06, and 0.14 indicate small, medium, and large 

effect sizes, respectively. Interactions among age, sex, and 

dose were assessed using two-way and three-way 

ANOVA. Dose-response relationships were examined 

through regression analysis. All statistical analyses were 

conducted using the Python programming language, with 

the SciPy, statsmodels, and scikit-learn libraries. A p-value 

< 0.05 was deemed statistically significant.  
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Figure 3. K-means clustering of fly behaviors Figure 4. Tracking and classification of flies across 

treatment groups 

 

Data visualization 

Analysis results were visualized using Python’s 

Matplotlib (version 3.3.4) and Seaborn (version 0.11.1) 

libraries. Line and box plots illustrating climbing 

performance for each group, heatmaps showing time-

height relationships, and scatter plots displaying behavioral 

clustering results were generated. Line plots included 

standard error bars with the plt.errorbar() function. Box 

plots were created with sns.boxplot() and overlaid with 

individual data points using sns.stripplot(). Heatmaps were 

generated using plt.imshow() with a custom purple-tone 

colormap to represent success rates at different heights and 

times. Additionally, tracking visuals of fly climbing 

trajectories were generated with OpenCV (4.5.1), with 

different behavioral categories marked by distinct colors: 

purple for “fast climbers,” blue for “slow but steady 

climbers,” and red for “frequent resters.” These 

visualizations provided explicit representations of the 

complex behavioral data, enabling direct comparisons 

between experimental groups. 

 

Results and Discussion 

 

To ensure that observed differences in climbing 

performance were not caused by changes in feeding 

behavior due to extract supplementation, gustatory assays 

were conducted using sulforhodamine B as a visual 

marker. The results showed no significant differences in 

food intake between the treatment groups (F(3, 176) = 0.87, 

p = 0.456, ηp² = 0.015). Mean food consumption scores 

were: Control: 0.79 ± 0.04, Group A (1%): 0.81 ± 0.05, 

Group B (3%): 0.78 ± 0.04, Group C (5%): 0.77 ± 0.05. 

Post-hoc analysis revealed no significant pairwise 

differences among the treatment groups (p > 0.05). These 

findings confirm that supplementation with elderberry 

extract did not alter feeding behavior or food appeal across 

the tested concentration range, ensuring that subsequent 

performance differences are due to the direct bioactive 

effects of elderberry extract rather than indirect effects 

from changes in calorie intake or nutritional status. 

This study examined the climbing ability of D. 

melanogaster fed diets with varying levels (1%, 3%, and 

5%) of black elderberry extract. The results revealed a clear 

dose-dependent improvement in climbing performance, 

measured by vertical climbing speed, height reached, path 

efficiency, and behavioral patterns. These effects were 

observed in both young (3-day-old) and older (40-day-old) 

flies, with greater improvements noted in the older group. 

In young flies, vertical climbing speed increased 

consistently with higher extract concentrations, from 0.75 

± 0.04 cm/s in the control to 1.10 ± 0.08 cm/s in the 5% 

extract group (Table 5), representing a 46.67% increase (p 

< 0.05).  

In older flies, the effect was even more notable, with 

climbing speed increasing from 0.51 ± 0.06 cm/s in the 

control group to 0.83 ± 0.09 cm/s in the 5% extract group 

(Table 6), a 62.75% rise (p < 0.05). This suggests that black 

elderberry extract may be more effective in counteracting 

age-related decline in locomotion in older flies, possibly 

due to its antioxidant properties, which reduce oxidative 

stress, a known factor in neuromuscular deterioration 

(Sandu-Bălan et al., 2024). The dose-dependent impact of 

black elderberry extract on climbing speed in both young 

and aged flies is clearly shown in Figure 5, highlighting the 

more significant improvement in aged flies compared to 

young ones at higher extract doses.  

The dose-dependent effect of black elderberry extract 

on climbing speed in both young and old flies is shown in 

Figure 5, clearly highlighting the greater improvement in 

aged flies compared to young flies at higher extract 

concentrations. 

 

Table 5. Effect of different concentrations of black elderberry extract on vertical climbing speed (cm/s) in young flies (3-

5 days old) 

Groups Male (n=30) Female (n=30) Average % Change* 

Control 0.78 ± 0.05a 0.72 ± 0.04a 0.75 ± 0.04a - 

Group A (%1) 0.89 ± 0.06b 0.82 ± 0.05b 0.86 ± 0.05b 14.67 

Group B (%3) 1.02 ± 0.07c 0.93 ± 0.06c 0.98 ± 0.07c 30.67 

Group C (%5) 1.15 ± 0.08d 1.04 ± 0.07d 1.10 ± 0.08d 46.67 
Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 
(p < 0.05). *Percentage change relative to the control group 



Fidan / Turkish Journal of Agriculture - Food Science and Technology, 13(11): 3264-3275, 2025 

3270 

 

Table 6. Effect of different concentrations of black elderberry extract on vertical climbing speed (cm/s) in aged flies (40-

45 days old) 

Groups Male (n=30) Female (n=30) Average % Change* 

Control 0.54 ± 0.06a 0.48 ± 0.05a 0.51 ± 0.06a - 

Group A (%1) 0.67 ± 0.07b 0.59 ± 0.06b 0.63 ± 0.07b 23.53 

Group B (%3) 0.79 ± 0.08c 0.72 ± 0.07c 0.76 ± 0.08c 49.02 

Group C (%5) 0.86 ± 0.09d 0.80 ± 0.08d 0.83 ± 0.09d 62.75 
Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 

(p < 0.05). *Percentage change relative to the control group.  
 

Table 7. Percentage of young flies (3-5 days old) reaching specific heights within 30 seconds 

Group 5 cm (%) 10 cm (%) 15 cm (%) 

Control 91.7 ± 3.9a 75.0 ± 4.2a 56.7 ± 5.1a 

Group A (%1) 96.7 ± 2.7ab 81.7 ± 3.9a 63.3 ± 4.8a 

Group B (%3) 100.0 ± 0.0b 90.0 ± 3.1b 76.7 ± 4.2b 

Group C (%5) 100.0 ± 0.0b 96.7 ± 2.1b 83.3 ± 3.7b 

Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 
(p < 0.05).  

 

Table 8. Percentage of aged flies (40-45 days old) reaching specific heights within 30 seconds 

Group 5 cm (%) 10 cm (%) 15 cm (%) 

Control 76.7 ± 4.3a 53.3 ± 5.2a 30.0 ± 4.7a 

Group A (%1) 85.0 ± 3.8ab 63.3 ± 4.9ab 40.0 ± 5.0ab 

Group B (%3) 93.3 ± 2.9bc 75.0 ± 4.3bc 53.3 ± 5.2bc 

Group C (%5) 98.3 ± 1.7c 83.3 ± 3.7c 60.0 ± 5.0c 

Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 

(p < 0.05). 

 

Table 9. Path efficiency (vertical distance / total distance) in young and aged flies 

Group Young flies Aged flies 

Control 0.68 ± 0.04a 0.57 ± 0.05a 

Group A (%1) 0.74 ± 0.03b 0.64 ± 0.04b 

Group B (%3) 0.81 ± 0.03c 0.71 ± 0.04c 

Group C (%5) 0.85 ± 0.02c 0.76 ± 0.03c 

Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 

(p < 0.05). 

 

 
Figure 5. Dose-dependent effect of black elderberry 

extract on climbing speed in young and aged flies 

 

Effect of black elderberry extract concentration on 

climbing speed in young and aged flies. Data are presented 

as mean ± SEM (n=30 per group). Young flies showed a 

46.67% increase in climbing speed at 5% extract 

concentration, while aged flies demonstrated a more 

significant 62.75% improvement, indicating age-related 

effects of the extract. Visualization of climbing trajectories 

across different treatment groups revealed progressively 

more efficient climbing patterns with higher extract 

concentrations, with the 5% extract group displaying the 

most direct and rapid ascent patterns. The percentage of 

flies reaching specific heights (5, 10, and 15 cm) within 30 

seconds further supported these findings. In young flies, 

the 5% extract group achieved 100% success at 5 cm and 

83.3% at 15 cm, compared to 91.7% and 56.7% in the 

control group, respectively (Table 7).  

In aged flies, the 5% extract group achieved 98.3% at 5 

cm and 60.0% at 15 cm, compared to 76.7% and 30.0% in 

the control group (Table 8), resulting in a doubling of the 

success rate at 15 cm. These improvements indicate 

enhanced neuromuscular coordination and endurance, 

especially in aged flies, consistent with previous reports on 

anthocyanin-rich extracts (Zakay-Rones et al., 2004). The 

time-dependent success rates for flies reaching different 

heights are shown in Figure 6, demonstrating how extract 

supplementation boosts climbing performance across 

various time points and heights. 

Heatmaps reveal a dose-dependent improvement in 

climbing performance for both young (top row) and aged 

flies (bottom row) across different treatment groups. 

Success rates are shown for flies reaching heights of 5, 10, 

and 15 cm at 3, 6, 10, 20, and 30 seconds. Darker blue 

shades indicate higher success rates, with the most 

significant gains observed in the 5% extract group, 

particularly in aged flies. Path efficiency, defined as the 

ratio of vertical distance to total distance traveled, also 

increased with extract supplementation. In young flies, it 

rose from 0.68 ± 0.04 in the control group to 0.85 ± 0.02 in 
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the 5% extract group, and in aged flies, from 0.57 ± 0.05 to 

0.76 ± 0.03 (Table 9). This shows that treated flies took 

more direct climbing paths, reducing inefficient zigzag 

motions. A recent study by Yusuf et al. (2024) explored the 

adverse effects of aging on Drosophila locomotor and 

biochemical functions, demonstrating that age-related 

performance decline is significant not only in speed but 

also in movement control and coordination. This supports 

the potential of antioxidant supplements to enhance these 

aspects. 

Chronic application (10 days) of the extract proved 

more effective than acute application (48 hours). For 

example, in young flies, the percentage reaching 15 cm 

increased from 80.0% (acute) to 93.3% (chronic) in the 5% 

extract group, and in aged flies, from 60.0% to 73.3% 

(Table 10).  

This cumulative effect may reflect sustained 

upregulation of antioxidant defenses or improved 

mitochondrial function, as suggested by Peng et al. (2012) 

for apple polyphenols. 

Behavioral clustering via K-means analysis revealed a 

change in locomotor patterns. The percentage of “fast 

climbers” rose from 28.3% in the control group to 55.0% 

in the 5% extract group, while “frequent resters” dropped 

from 31.7% to 5.0% (Table 11). The distribution of 

climbing speeds across behavioral clusters is shown in 

Figure 7, illustrating how extract-treated flies exhibited 

improved performance profiles. 

Box plots display the median, quartiles, and range of 

climbing speeds for each behavioral category across 

treatment groups. The data shows a shift toward faster 

climbing profiles as extract concentration increases, with 

the 5% extract group showing the highest proportion of 

flies in the ‘Fast climbers’ category (Figure 7). 

Concurrently, resting frequency and total resting time 

decreased significantly with higher extract concentrations 

(Table 12), indicating improved stamina. These behavioral 

changes are similar to those observed with resveratrol 

supplementation Chandrashekara and Shakarad, 2011), 

reinforcing the role of antioxidants in regulating locomotor 

activity.  

Sex-based comparisons revealed that male flies 

generally outperformed females in climbing speed and 

height achievement, although the response to black 

elderberry extract was similar between sexes (Table 13). 

This aligns with Jones and Grotewiel (2011), who observed 

higher baseline performance in males but similar responses 

to dietary interventions. 

The observed improvements likely originate from black 

elderberry’s rich anthocyanin and flavonoid content 

(Veberic et al., 2009), which may reduce oxidative 

damage, boost mitochondrial efficiency, and offer 

neuroprotection. Compared to blueberry extract (Peng et 

al., 2012), which increased locomotor activity by 25-30%, 

the 5% black elderberry extract’s 46.67-62.75% 

improvement indicates a more substantial effect, possibly 

due to its unique cyanidin-3-sambubioside profile. 

 

 
Figure 6. Heatmap showing percentage of flies reaching different heights at various time points 

 

Table 10. Effect of acute and chronic black elderberry extract applications on the percentage of young and aged flies 

reaching a height of 15 cm 

Group Young flies Aged flies 

 Acute (48 h) Chronic (day) Acute (48 h) Chronic (day) 

Control 56.7 ± 5.1a 58.3 ± 5.0a 30.0 ± 4.7a 31.5 ± 4.8a 

Group A (%1) 61.7 ± 5.0a 71.7 ± 4.6b 40.0 ± 5.0ab 48.3 ± 5.1b 

Group B (%3) 73.3 ± 4.5b 85.0 ± 3.7c 53.3 ± 5.2bc 65.0 ± 4.9c 

Group C (%5) 80.0 ± 4.1b 93.3 ± 2.5d 60.0 ± 5.0c 73.3 ± 4.5d 

Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 

(p < 0.05). 
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Table 11. Distribution of fly behavioral clusters across different groups (%) 

Groups Fast Climbers Slow but Steady Frequent Resters 

Control 28.3 ± 4.6a 40.0 ± 5.0a 31.7 ± 4.7a 

Group A (%1) 35.0 ± 4.9ab 43.3 ± 5.1a 21.7 ± 4.2b 

Group B (%3) 46.7 ± 5.1bc 41.7 ± 5.0a 11.7 ± 3.3c 

Group C (%5) 55.0 ± 5.1c 40.0 ± 5.0a 5.0 ± 2.2d 

Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 

(p < 0.05). 

 

Table 12. Resting periods of flies in different groups 

Group Resting Frequency (count/30s) Total Resting Time (s) Average Resting Time (s) 

Control 3.8 ± 0.5a 7.2 ± 0.8a 1.9 ± 0.2a 

Group A (%1) 3.2 ± 0.4ab 5.8 ± 0.7b 1.8 ± 0.2a 

Group B (%3) 2.4 ± 0.3bc 3.9 ± 0.5c 1.6 ± 0.2a 

Group C (%5) 1.7 ± 0.3c 2.5 ± 0.4d 1.5 ± 0.2a 

Values are presented as mean ± standard error. Differences between means indicated by different letters in the same column are statistically significant 

(p < 0.05). 

 

Table 13. Age and sex interaction analysis (two-way anova) 

Factor F value P value 

Age 45.21 <0.001 

Gender 3.87 0.052 

Age x Gender 1.23 0.271 
The effect of sex was not statistically significant (p = 0.052), while the effect of age was significant (p < 0.001). 

 

 
Figure 7. Distribution of climbing speeds across 

behavioral clusters 

 

However, the exact mechanisms—whether through 

ROS scavenging, enzyme activation, or neuromuscular 

repair—require further investigation at the molecular level. 

The positive health effects of black elderberry have been 

confirmed by many studies. Młynarczyk et al. (2018) 

documented the versatile bioactive properties of this 

functional component in the food and pharmaceutical 

industries in a comprehensive review, emphasizing its 

antioxidant, antibacterial, and antiviral activities. More 

recently, Gonçalves et al. (2024) demonstrated the 

antigenotoxic potential of elderberry extract and its 

protective effects against oxidative DNA damage. These 

studies support our findings, suggesting that black 

elderberry may not only improve locomotor performance 

but also prevent age-related decline by protecting against 

oxidative stress at the cellular level. This protective effect 

may be due to the vigorous free radical scavenging activity 

of black elderberry’s anthocyanins and other polyphenols. 

Computational approaches for automating behavioral 

analysis have advanced significantly over recent decades, 

with early efforts dating back to the late 1980s (Ramazani 

et al., 2007; Geissmann et al., 2017). In Drosophila 

locomotor research, numerous computational tools have 

been developed to analyze climbing behavior, which is 

typically categorized into detection-based and tracking-

based systems. Detection algorithms identify fly positions 

in video frames and track their movement over time, as 

seen in systems like the RflyDetection module (Cao et al., 

2017) and methods based on ImageJ (Podratz et al., 2013). 

Tracking systems expand on this by using predictive 

algorithms to follow individual flies across frames, 

including single-fly systems like Hillary Climber 

(Willenbrink et al., 2016), multi-fly platforms such as iFly 

(Kohlhoff et al., 2011), and multi-arena setups like DaRT 

(Faville et al., 2015; Taylor & Tuxworth, 2019). However, 

these tracking methods face challenges when dealing with 

complex movement behaviors, including sudden climbing 

actions, changes in direction, and interactions between 

flies, which can confuse automated detection. Moreover, 

many existing platforms encounter barriers, including the 

need for uniform backgrounds, specialized equipment, 

proprietary software, and limited accessibility outside their 

original laboratories. These technical and practical issues 

have hindered the widespread adoption of standardized 

automated analysis methods within the broader Drosophila 

research community. 

Artificial intelligence-assisted image analysis 

techniques are becoming increasingly important in 

behavioral research. User-friendly, open-source tools like 

LabGym (Hu et al., 2023) allow biologists to perform 

behavioral analyses without needing programming skills. 

Additionally, the method by Iwasaki et al. (2025), which 

uses Drosophila as a microrobotic platform, provides new 

insights into controlling and analyzing fly behaviors. 

Future studies could benefit from combining these 

advanced technologies with antioxidant research, enabling 

more accurate and comprehensive assessments of how 

antioxidants influence locomotor functions.  

The use of pre-trained AI models in D. melanogaster 

research has dramatically improved the speed, accuracy, 

and scalability of data analysis (De Almeida et al., 2023; 

Rai et al., 2025; Botas et al., 2025). Deep learning models 
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for image and behavioral analysis accelerate the discovery 

of new phenotypes and biological processes while reducing 

the need for manual labeling (Melkani et al., 2024; Keleş 

et al., 2025). However, overall connections between 

models are still limited by data quality, explainability, and 

biological standards (De Almeida et al., 2023; Paci & 

Nanni, 2024). Furthermore, issues such as inaccurate 

results and the creation of false information persist in 

specific applications, including behavioral analysis (Paci & 

Nanni, 2024). Despite these challenges, the genetic and 

unique nature of Drosophila makes it easier to incorporate 

AI algorithms into biomedical research quickly. 

In light of these technological advances, our integrated 

YOLOv8-DeepSORT-K-means pipeline addresses several 

key limitations found in existing automated Drosophila 

behavioral analysis systems. Our approach achieved over 

95% detection accuracy while maintaining real-time 

processing capabilities (15-20 FPS), representing a 

significant improvement over traditional manual methods 

that suffer from observer bias and low throughput. The 

integration of pre-trained YOLOv8-nano models with 

domain-specific tracking algorithms (DeepSORT) 

eliminated the need for extensive manual annotation 

typically required by custom-trained networks. At the same 

time, our unsupervised K-means clustering approach 

enabled objective behavioral categorization with high 

reproducibility (silhouette coefficient: 0.72). Unlike many 

existing platforms that require specialized hardware or 

uniform experimental backgrounds, our system operates 

effectively with standard laboratory equipment and diverse 

backgrounds, thanks to advanced preprocessing 

techniques. The open-source implementation removes 

barriers that have limited the widespread adoption of 

automated analysis protocols within the Drosophila 

research community. However, our system shares some 

common limitations with other AI-based methods, 

including occasional misclassification of stationary or 

overlapping flies and reduced accuracy under suboptimal 

lighting conditions. Moreover, while our automated 

metrics provide objective quantification, interpreting 

complex locomotor behaviors biologically still requires 

careful validation against established behavioral 

paradigms. The success of our AI-assisted approach in 

detecting subtle dose-dependent effects of elderberry 

extract demonstrates the potential for machine learning 

methods to uncover pharmacological insights that might be 

overlooked with traditional manual analysis, supporting 

the ongoing integration of artificial intelligence 

technologies in Drosophila behavioral research. 

 

Conclusion 

 

This study demonstrates that black elderberry extract 

significantly enhances the climbing ability and movement 

patterns of D. melanogaster in a dose-dependent manner, 

with more potent effects observed in older flies and during 

prolonged exposure. The extract increased climbing speed 

(up to 62.75% in aged flies), peak height, path efficiency, 

and behavioral patterns, making flies more likely to be ‘fast 

climbers’ while decreasing resting periods. These results 

suggest that black elderberry’s antioxidant properties may 

help slow age-related declines in movement, providing 

potential insights into the use of natural antioxidants for 

aging and neuromuscular health. Future research should 

investigate the molecular mechanisms involved and test 

these findings in mammalian models to explore their 

broader applications. Additionally, these findings could 

have a significant impact on agriculture and pest control, 

as understanding how natural compounds affect insect 

movement could lead to environmentally friendly 

strategies to support beneficial insects or manage pests 

effectively. 
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