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INTRODUCTION

The valorization of agricultural waste as alternative feed 
resources represents a strategic approach to enhance 

sustainability, resource efficiency, and food security in 
livestock production systems. One type of agricultural waste 
that has great potential and has not been widely utilized is 
potato peelings (Solanum tuberosum L). According to FAO 
(2023), global potato production reached approximately 

383 million tons, of which nearly 50% is processed into 
value-added products, including chips, French fries, 
starch, and purée. This processing generates substantial 
quantities of potato peel, accounting for approximately 
15–40% (w/w) of the initial fresh weight, depending on 
the peeling method (Wang et al., 2023). In Indonesia, 
potato production reached 1.27 million tons in 2024 (BPS, 
2024), with an estimated peel waste potential of 0.19–0.51 
million tons. This substantial volume of waste presents both 
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an environmental challenge and an opportunity for value-
added utilization. Potato peels are not only a by-product 
but also a source of nutrients and bioactive compounds 
including starch, crude fiber, protein, minerals, phenolic 
compounds, and glycoalkaloids. Martínez-García et al. 
(2024) state that potato peel contains 3-10 times more 
glycoalkaloid compounds than the tuber flesh. 

The main glycoalkaloids found in potato peel are 
α-solanine and α-chaconine, which together account for 
approximately 90% of the total glycoalkaloid content 
(Total Glycoalkaloids/TGA). α-solanine is a trisaccharide 
glycoalkaloid with the molecular formula C45H73NO15. 
Martínez-García et al. (2024) reported that the α-solanine 
content in potato peel ranged from 143–1273 mg kg⁻¹ DM. 
According to Friedman (2015), the α-solanine content in 
conventional potato peel ranges from 215–412 mg kg⁻¹ 
DM, while in organic potato skins, it ranges from 239–
750 mg kg⁻¹ DM. Despite their beneficial bioactivities, 
glycoalkaloids are associated with potential toxicity at 
elevated concentrations. At concentrations above 200 
mg kg⁻¹ FW (Fresh Weight), glycoalkaloids may cause 
symptoms of toxicity in humans, such as nausea, vomiting, 
diarrhea and abdominal cramps, often accompanied 
by a bitter taste sensation (Figueira et al., 2026). The 
recommended limit for general consumption is 100 mg 
kg⁻¹ FW, with an upper safety threshold of 200 mg kg⁻¹ 
FW to reduce toxicological risk. More recent guidance 
from the European Food Safety Authority indicates that 
the acceptable daily intake of total glycoalkaloids should 
not exceed 1 mg kg⁻¹ of BW, a level at which no adverse 
effects have been observed (Schrenk et al., 2020).

Importantly, glycoalkaloids exhibit lower toxicity in animals 
compared to humans (Omayio et al., 2016), suggesting a 
potential margin of safety for their application in livestock 
systems. Acute toxicity studies indicate that the LD₅₀ of 
solanine in mice is 32.3 mg kg⁻¹ BW, while chaconine 
has an LD₅₀ of 19.2 mg kg⁻¹ BW (Kuiper-Goodman and 
Nawrot, 1993). Oral administration of solanine to mice 
showed less toxic effects (oral LD50 ≥1000 mg kg⁻¹ BW) 
when compared with that of the parenteral administration 
(Slanina, 1990). In rats, both solanine and chaconine exhibit 
higher toxic dose ranges, between 65.6–107.5 mg kg⁻¹ BW, 
when delivered via intraperitoneal injection (Norgia et al., 
2008). These findings indicate that glycoalkaloids may be 
safely utilized at controlled levels in animal.

The prohibition of antibiotic growth promoters (AGPs) 
as feed additives, as stipulated in Article 16 of the 
Regulation of the Minister of Agriculture of the Republic 
of Indonesia Number 14/Permentan/PK.350/2017, has 
significantly impacted the poultry industry. This policy 
was implemented due to the adverse effects associated 
with AGP use, including tissue residues, antimicrobial 

resistance, cross-resistance in antimicrobial therapy (Mehdi 
et al., 2018), and resistance of pathogenic bacteria in the 
intestine. Consequently, this has driven the development 
of safe and sustainable alternatives, such as phytogenic 
feed additives. Phytogenic feed additives (phytobiotics or 
phytochemicals) are natural compounds from plants that 
have benefits for improving the health and production 
performance of livestock (Rossi et al., 2020). 

The active compounds in potato peel, such as α-solanine, 
have the potential to be used as phytogenic feed additives 
to replace AGPs in poultry. Potato peel extract has been 
shown to inhibit the growth of Propionibacterium, Gram-
positive and Gram-negative bacteria, and Candida 
albicans. Khalifa et al. (2016) reported that potato peel 
extract has antibacterial activity against Escherichia coli 
and Staphylococcus aureus. According to Helal et al. (2020), 
potato peel extract at a concentration of 400 ppm was able 
to inhibit Gram-positive bacteria, namely Bacillus subtilis 
and Staphylococcus aureus, as well as Gram-negative bacteria, 
namely Escherichia coli and Salmonella typhimurium. 
Amanpour et al. (2015) reported that potato peel extract 
exhibits antibacterial activity, with stronger effectiveness 
against Gram-positive bacteria than Gram-negative 
bacteria. In addition to its antimicrobial activity against 
viruses, bacteria, protozoa, and fungi, α-Solanine has been 
reported to exhibit a wide range of biological activities, 
including anti-inflammatory, antipyretic, antiallergic, and 
antidiabetic effects (Hassan et al., 2021). Collectively, these 
characteristics indicate that α-solanine may enhance gut 
microbial balance, improve intestinal function, and support 
nutrient utilization, thereby supporting its potential as an 
effective natural alternative to AGPs for improving poultry 
health and performance.

Based on national statistics reported by BPS (2024), per 
capita chicken consumption in Indonesia has fluctuated 
annually but shows an overall increasing trend, with an 
average annual growth rate of 7.44 % during the period 
2014–2023.This increasing demand intensifies the need for 
sustainable production strategies capable of maintaining 
productivity and animal health in the absence of AGPs. 
One promising approach is the utilization of phytogenic 
feed additives derived from agricultural by-products, such 
as potato peel waste.

Previous studies have demonstrated that supplementation 
with potato peel extract (15 and 30 mL L⁻¹ in drinking 
water), potato peel flour (15 and 30 g kg⁻¹), or their 
combination can improve production performance and 
carcass characteristics in Japanese quail (Mutter and 
Abbas, 2023). Additionally, Rahman et al. (2021) reported 
that the inclusion of 5% potato peel with exogenous 
enzyme supplementation can be incorporated into broiler 
diets without adversely affecting performance. However, 
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studies investigating the administration of potato peel 
waste extract via drinking water as a direct alternative 
to AGPs in broiler chickens remain limited, particularly 
regarding its combined effects on antimicrobial activity 
and growth performance. Therefore, this study aims to 
evaluate the effectiveness of potato peel waste extract in 
inhibiting bacterial activity and its effect on broiler chicken 
performance.

MATERIALS AND METHODS

Preparation of potato peel waste extract
Potato peel waste was collected from restaurants and 
small businesses in Bogor Regency and was dried using 
a dome dryer at approximately 50 °C for 2–3 days. The 
dried potato peel waste was then ground using a grinder 
to obtain potato peel waste flour. The active compounds in 
the potato peel waste extract were analyzed using LC-MS/
QTOF. Compound identification was performed based 
on accurate mass measurements and database matching. 
The complete LC-MS/QTOF chromatograms (TIC and 
BPC) were provided in Figure 1.

The extraction of potato peel waste flour was performed 
using the maceration method described by Amanpour 
et al. (2015) with modifications. Briefly, 10 g of potato 
peel waste flour was mixed with 200 mL of 96% ethanol 
and stirred using a magnetic stirrer for 3 h. The mixture 
was then macerated at room temperature for 24 h. After 
maceration, the extract was filtered through Whatman 
No. 41 filter paper to obtain the first filtrate. The residue 

was re-extracted using the same procedure to obtain the 
second filtrate. The first and second filtrates were combined 
and concentrated using a rotary evaporator at 50°C and 50 
rpm to remove the solvent. The resulting extract was stored 
in a refrigerator until further use. The extraction yield was 
calculated using the following equation.

Testing the inhibitory effect of potato peel 
waste extract on bacteria
Nutrient Agar (NA) medium was prepared by dissolving 
0.5 g of NA in 10 mL of distilled water. The mixture 
was homogenized and then autoclaved at 121°C for 15 
minutes. The medium was cooled to approximately 45–
50°C, poured into test tubes at an angle, and allowed to 
solidify. Staphylococcus aureus cultures were streaked onto 
the NA medium and incubated at 37°C for 24 hours. 
Nutrient Broth (NB) medium was prepared by dissolving 
0.8 g of NB in 100 mL of distilled water. The mixture was 
homogenized and autoclaved at 121°C for 15 minutes. 
One loopful of bacterial culture from the NA medium was 
inoculated into the NB medium and incubated at 37°C 
for 24 hours. The bacterial suspension was prepared by 
mixing 0.1 mL of bacterial inoculum with 9.9 mL of NB. 
The turbidity of the suspension was adjusted to the 0.5 
McFarland standard, which was prepared from a mixture of 
1% H₂SO₄ and 1% BaCl₂. The standard had an absorbance 
of 0.08–0.12 at a wavelength of 625 nm, corresponding to 
a bacterial concentration of 1 × 10⁸ CFU mL⁻¹.

Figure 1: LC-MS/QTOF chromatograms (TIC and BPC) of potato peel waste.
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Antibacterial activity was evaluated using the disk diffusion 
method. Mueller Hinton Agar (MHA) medium was 
prepared by dissolving 0.51 g of MHA in 15 mL of distilled 
water, followed by autoclaving at 121°C for 15 minutes. 
A volume of 0.1 mL of the bacterial suspension was 
transferred into a sterile Petri dish, after which the MHA 
medium was added. Once the medium had solidified, sterile 
paper discs were immersed in each treatment solution until 
fully saturated. The discs were impregnated with potato 
peel extract at concentrations of 400, 600, and 800 ppm, 
chloramphenicol (1.5 mg mL⁻¹) as the positive control, 
and 10% DMSO as the negative control. The impregnated 
paper discs were then aseptically placed on the surface of 
the agar medium that had previously been inoculated with 
the test bacteria according to the treatment layout. The 
Petri dishes were incubated at 37°C for 24 hours. After 
incubation, the diameters of the inhibition zones were 
measured using a digital caliper. The lowest concentration 
that produced a visible inhibition zone against bacterial 
growth was selected as the effective concentration and was 
used in the subsequent stage of the study.

Broiler management and nutrition
This study used 180 one-day-old Cobb500 broiler chickens 
of mixed sex. The average initial body weight of the day-
old chicks (DOC) was 41.72 ± 0.85 g. The birds were 
reared from 1 to 35 days of age. They were housed in 18 
colony pens measuring 1.0 m × 1.0 m × 0.5 m, with 10 
birds allocated to each pen. Feed and drinking water were 
provided ad libitum. The birds were fed commercial starter 
and finisher diets, the compositions of which are presented 
in Table 1.

Table 1: Nutrient content of commercial feed.
Nutrient Content Spesifi-

cation
Starter
(1-14 days)

Finisher
(15-35 days)

Moisture content (%) Max 14.00 14.00
Ash (%) Max 8.00 8.00
Crude protein (%) Min 21.00 19.00
Crude fat (%) Min 5.00 5.00
Crude fiber (%) Max 5.00 6.00
Calcium (%) 0.80 – 1.10 0.80 – 1.10
Phosphorus (%) Min 0.50 0.45
Total aflatoxin (ppb) Max 50.00 50.00
Lysine (%) Min 1.20 1.05
Methionine (%) Min 0.45 0.40
Methionine + Cystine (%) Min 0.80 0.75
Tryptophan (%) Min 0.19 0.18
Threonine (%) Min 0.75 0.65

Experimental design and treatment
A total of 180 one-day-old Cobb500 broiler chickens, 
regardless of sex, were used in this study. The chicks were 

randomly allocated to three treatment groups, with six 
replicates per treatment and ten birds per replicate in a 
completely randomized design (CRD). All treatments were 
administered through the drinking water. The treatments 
were as follows: P0= drinking water without additives 
(control); P1= control + Vitachick®; and P2= control + 400 
ppm potato peel waste extract.

Vitachick®, a commercial feed additive administered 
through drinking water, was provided according to the 
manufacturer’s recommendations, namely 5 g 7 L⁻¹ of 
drinking water during weeks 1–2 and 5 g 12 L⁻¹ during 
weeks 3–4. The supplemented drinking water was provided 
every morning at 7:00 a.m. at a volume of 1 L per pen. 
Thereafter, regular drinking water was supplied ad libitum 
at noon, in the afternoon, and in the evening for all 
treatment groups.

Vitachick® supplementation was administered only during 
the first four weeks in accordance with common commercial 
practice and was discontinued during the final week before 
harvest to minimize the potential risk of antimicrobial 
residues in broiler meat. In contrast, potato peel waste 
extract was supplemented continuously throughout the 
five-week experimental period. The overall experimental 
design, including the allocation of broiler chickens into 
treatment groups, the supplementation period for each 
treatment, and the sampling and measurement schedule, is 
illustrated in Figure 2.

Animal committee approval
All animal experimental procedures were reviewed and 
approved by the Research Ethics Committee, Faculty of 
Medicine, Universitas Andalas, Padang, Indonesia (Ethical 
Approval No. 104/UN.16.2/KEP-FK/2026; approved 
on 18 February 2026). All procedures were conducted in 
accordance with the institutional guidelines for the care 
and use of experimental animals.

Broiler performance measurement
Broiler chickens performance was evaluated over a 5-week 
rearing period. Feed intake (g chicken⁻¹) was calculated 
by subtracting the amount of feed remaining from the 
total amount of feed offered and dividing the result by the 
number of birds in each pen. Feed refusals were recorded 
weekly. Water intake (mL chicken⁻¹) was determined using 
the same procedure by subtracting the volume of water 
remaining from the initial volume offered and dividing the 
result by the number of birds in each pen. Water intake 
was measured every morning before the treatments were 
administered. Body weight (g chicken⁻¹) was measured 
weekly by weighing all birds in each pen and dividing the 
total body weight by the number of birds. Body weight 
gain (g chicken⁻¹) was calculated as the difference between 
the final body weight and the initial body weight recorded 
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Figure 2: Experimental design and treatment.

at the beginning of the experiment. The feed conversion 
ratio (FCR), an indicator of feed efficiency, was calculated 
by dividing the average feed intake by the average body 
weight gain. Mortality (%) was determined by dividing 
the number of birds that died during the rearing period 
by the initial number of birds and multiplying the result 
by 100. The performance index (PI) was used to evaluate 
the overall production performance of broiler chickens 
during a single rearing period and was calculated using the 
following formula:

Income Over Feed and Chicks Cost (IOFCC) is used to 
analyze the cost incurred during the research. The IOFCC 
value is obtained using the formula:

IOFCC = B – (A+C)

Description: A = feed intake × feed price; B = final body 
weight × chicken selling price; C = DOC price

Statistical analysis
The initial day-old chick (DOC) body weight was tested 
for normality using the Shapiro–Wilk test. Since no 

treatments had been applied at this stage, no comparative 
statistical analysis was performed. Experimental data were 
analyzed using one-way analysis of variance (ANOVA), 
followed by Duncan’s Multiple Range Test (DMRT) 
when significant differences were detected (P < 0.05). 
Mortality data were analyzed using the Chi-square test. 
All statistical analyses were performed using IBM SPSS 
Statistics version 25.0.

RESULTS AND DISCUSSION

Active compound of potato peel waste
LC-MS/QTOF analysis of potato peel waste extract 
generated a total ion chromatogram (TIC) and a base 
peak chromatogram (BPC), which are presented in Figure 
1. Based on accurate mass measurements and database 
matching, several bioactive compounds were putatively 
identified in the extract (Table 2). These compounds belong 
to various chemical classes, including glycoalkaloids, 
alkaloids, flavonoids, saponins, organic acids, vitamins, 
carbohydrates, and other secondary metabolites. Among 
the detected compounds, glycoalkaloids, particularly 
solanine, were considered the most biologically relevant 
because glycoalkaloids are recognized as the principal 
bioactive constituents of potato peel and have been 
widely associated with antimicrobial, antioxidant, and 
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Table 2: Putatively identified bioactive compounds detected in potato peel waste extract by LC–MS/QTOF. 
No Identified compound Compound group Reported biological activity
1 Solanine Glycoalkaloid Antimicrobial, antioxidant, immunomodulatorya,b

2 Veratramine Alkaloid Antimicrobial, immunomodulatorya,h,

3 Cyclopamine Alkaloid Antimicrobial, growth-regulatings,u

4 Anopterine Alkaloid Antimicrobial, antioxidant, anti-inflammatorys,u

5 Icaceine Alkaloid Antimicrobial, antioxidant, anti-inflammatoryt,u

6 Curcumin III Polyphenol Antioxidant, anti-inflammatoryc,u

7 Ophiopogonin B Saponin Antimicrobial, immunostimulatory, gut healthd,u

8 Akeboside Saponin Antimicrobial, immunostimulatoryd,e

9 Goyaglycoside g Saponin Antimicrobial, immunostimulatory, hypolipidemicd,f

10 Tragopogonsaponin Saponin Antimicrobial, immunostimulatoryd,g

11 3-Prenylapigenin Flavonoid Antimicrobial, immunostimulatoryh,u

12 Kanzonol I Antibiotic Antimicrobial, anti-inflammatoryi,u

13 Griseofulvin Antibiotic Antifungalj,k

14 Actinonin Antibiotic Antimicrobiall,u

15 Sucrose Carbohydrate Energy source, palatability enhancerm,u

16 4-Hydroxy-L-threonine Amino acids Protein metabolismn,u

17 Gambogic acid Xanthonoid Antioxidant, anti-inflammatoryo,u

18 Limonoate Terpenoid Antimicrobial, hypolipidemicp,u

19 Niacinamide Vitamin (B3 derivative) Energy metabolismq,u

20 Dexpanthenol Vitamin (B5 derivative) Energy metabolism, tissue regenerationr,u

Note: Results from Advance Research Laboratory IPB University (2025); Reported biological activities were compiled from 
aJiménez-Champi et al. (2023), bSujana and Rahmad (2022), cRajput et al. (2013), dCheeke (2000), eKim et al. (2018), fTan et al. 
(2008), gZhang et al. (2015), hFerreira et al. (2018), iLi et al. (2018), jGiguère et al. (2013), kLandoni and Albarellos (2015), lBöttger et 
al. (2017), mLeeson and Summers (2005), nWu et al. (2014), oQi et al. (2017), pMandalari et al. (2017), qMushtaq et al. (2013), rKhan 
et al. (2011), sRauf et al. (2022), tOlanlokun et al. (2019), and uHidayat (2024).

immunomodulatory activities ( Jiménez-Champi et 
al., 2023; Sujana and Rahmad, 2022). In addition to 
solanine, several other putatively identified compounds, 
including veratramine, 3-prenylapigenin, ophiopogonin 
B, and niacinamide, have previously been reported to 
possess biological activities related to poultry health and 
performance. Veratramine and 3-prenylapigenin exhibit 
antimicrobial and anti-inflammatory properties, whereas 
ophiopogonin B may support intestinal integrity and 
immune function through its immunostimulatory effects 
(Li et al., 2018; Ferreira et al., 2018). Niacinamide is an 
essential component of energy metabolism and has been 
reported to improve broiler performance, particularly 
under heat stress conditions (Mushtaq et al., 2013).

Among the detected compounds, glycoalkaloids, 
particularly solanine, were considered the most biologically 
relevant because glycoalkaloids are recognized as the 
principal bioactive constituents of potato peel and have 
been widely associated with antimicrobial, antioxidant, 
and immunomodulatory activities ( Jiménez-Champi 
et al., 2023; Sujana et al., 2022). In addition to solanine, 
several other putatively identified compounds, including 
veratramine, 3-prenylapigenin, ophiopogonin B, and 
niacinamide, have previously been reported to possess 

biological activities related to poultry health and 
performance. Veratramine and 3-prenylapigenin exhibit 
antimicrobial and anti-inflammatory properties, whereas 
ophiopogonin B may support intestinal integrity and 
immune function through its immunostimulatory effects 
(Li et al., 2018; Ferreira et al., 2018). Niacinamide is an 
essential component of energy metabolism and has been 
reported to improve broiler performance, particularly 
under heat stress conditions (Mushtaq et al., 2013).

However, the identification of compounds in the present 
study was based solely on LC-MS/QTOF database 
matching and should therefore be regarded as putative. 
Individual compound concentrations were not quantified, 
making it impossible to determine their relative abundance 
or the specific contribution of each compound to the 
observed biological responses. Although several additional 
compounds were tentatively identified, their occurrence in 
biologically meaningful concentrations remains uncertain 
because their identities were not confirmed using authentic 
reference standards or targeted quantitative analyses. 
Consequently, the beneficial effects observed in this study 
should be attributed to the combined activity of the extract 
rather than to any individual compound.
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Potato peel waste extract
As shown in Figure 3, the extraction yield of potato 
peel waste extract was 12.8%, indicating a satisfactory 
extraction efficiency. According to Rahadyana et al. (2024), 
an extraction yield exceeding 10% is generally considered 
acceptable. The extraction yield obtained in the present 
study was higher than those reported by Kurniawan 
(2022) (7.63%) and Teklehaymanot et al. (2024) (10.42%). 
Differences in extraction yield among studies may be 
attributed to variations in the particle size of the dried 
plant material (Pawarti et al., 2023), extraction method, 
solvent type and solvent-to-material ratio, extraction 
temperature and duration, potato cultivar, geographical 
origin of the plant material, and the maturity stage at 
harvest (Teklehaymanot et al., 2024).

Figure 3: Extraction yield of potato peel waste extract.

Inhibitory effect of potato peel waste extract 
on bacteria
Potato peel waste extract exhibited different antibacterial 
activities against Escherichia coli and Staphylococcus 
aureus. As shown in Table 3, none of the tested extract 
concentrations (400, 600, or 800 ppm) inhibited the 
growth of Escherichia coli, as indicated by the absence of 
inhibition zones (0 mm). These results suggest that potato 
peel waste extract was ineffective against Escherichia coli at 
the concentrations evaluated. This lack of activity is likely 
related to the structural characteristics of Escherichia coli 
as a Gram-negative bacterium, which possesses an outer 
membrane containing lipopolysaccharides that restrict the 
penetration of many antimicrobial compounds (Campbell 
et al., 2003). Consequently, Gram-negative bacteria 
generally exhibit greater resistance to antimicrobial 
agents than Gram-positive bacteria. In addition, the 
extract concentrations evaluated in the present study 
were likely below the minimum concentration required 
to inhibit Escherichia coli. This interpretation is consistent 
with the findings of Gebrechristos et al. (2020), who 
reported that potato peel extract inhibited Escherichia coli 
only at a minimum concentration of 5 mg mL⁻¹ (5,000 
ppm). Furthermore, differences in extraction methods, 
solvent type and concentration, and potato cultivar may 
also have contributed to the discrepancies between the 

present findings and those reported in previous studies. 
These methodological differences can influence the 
extraction efficiency of bioactive compounds, particularly 
glycoalkaloids and phenolic compounds, thereby affecting 
the antibacterial activity of the resulting extract.

Table 3: Inhibitory activity of potato peel waste extract 
against bacteria.
Sample Concen-

tration 
(ppm)

Zone of inhibition (mm)
Escherichia 
coli

Staphylococ-
cus aureus

Potato peel waste extract 400 0 7,00
600 0 9,50
800 0 10,00

Positive control (Chloramphenicol) 20,80 22,95
Negative control (DMSO) 0 0

In contrast, potato peel waste extract demonstrated 
antibacterial activity against Staphylococcus aureus. An 
inhibition zone of 7 mm was observed at 400 ppm, which 
increased to 9.5 mm at 600 ppm and 10 mm at 800 ppm. 
According to Kumowal et al. (2019), these inhibition 
zones are classified as moderate antibacterial activity. The 
increase in inhibition zone diameter with increasing extract 
concentration indicates a dose-dependent antibacterial 
effect against Staphylococcus aureus. This bacterium was 
selected because it is one of the most common bacterial 
pathogens affecting poultry and is associated with 
economically important diseases, including dermatitis, 
arthritis, osteomyelitis, synovitis, tenosynovitis, femoral 
head necrosis, bumblefoot, and omphalitis (El-Tawab et al., 
2017). Therefore, suppression of Staphylococcus aureus may 
contribute to maintaining broiler health and productivity.

Although the antibacterial activity of potato peel waste 
extract was considerably lower than that of chloramphenicol, 
which produced substantially larger inhibition zones 
against both bacterial species, the objective of the present 
study was not to replace therapeutic antibiotics but to 
evaluate the potential of potato peel waste extract as a 
phytogenic feed additive capable of reducing reliance 
on antibiotic growth promoters (AGPs). The moderate 
inhibition observed against S. aureus indicates that the 
extract possesses measurable antibacterial activity, although 
its efficacy under in vivo conditions should be interpreted 
cautiously because the gastrointestinal environment is 
considerably more complex than an in vitro agar diffusion 
system. As this study was designed as a preliminary 
investigation, the minimum effective concentration 
(400 ppm) against Staphylococcus aureus was selected for 
the subsequent in vivo experiment. The lowest effective 
concentration was intentionally chosen to minimize the 
potential risk of glycoalkaloid toxicity while maintaining 
measurable antibacterial activity. 
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Table 4: Broiler chicken performance during the rearing period.
Variable Period 

(days)
Treatmens P-value

P0 P1 P2
Feed intake (g chicken-1) 1-14 559.66 ± 31.67 551.92 ± 3.83 565.83 ± 5.63 0.453

15-35 2531.84 ± 210.84 2489.26 ± 121.80 2351.29 ± 140.78 0.166
1-35 3091.50 ± 272.82 3041.18 ± 149.51 2917.12 ± 161.68 0.237

Water intake (mL chicken-1) 1-14 1111.61 ± 116.60 1043.17 ± 92.12 1080.00 ± 41.30 0.432
15-35 4114.59 ± 447.14 4037.26 ± 292.61 3840.44 ± 351.03 0.435
1-35 5226.20 ± 553.41 5080.43 ± 260.37 4920.44 ± 489.19 0.720

Body weight (g chicken-1) DOC 41.75 ± 2.14 41.17 ± 1.08 42.25 ± 1.78 -
1-14 279.89 ± 25.04ab 249.17 ± 37.85a 301.17 ± 23.27b 0.026
15-35 1752.29 ± 82.02a 1710.38 ± 46.60a 1842.29 ± 78.83b 0.017
1-35 1752.29 ± 82.02a 1710.38 ± 46.60a 1842.29 ± 78.83b 0.017

Body weight gain (g chicken-1) 1-14 238.14 ± 25.09ab 208.00 ± 37.24a 258.92 ± 22.09b 0.026
15-35 1472.40 ± 63.85 1461.21 ± 63.37 1541.12 ± 73.99 0.117
1-35 1710.54 ± 82.94a 1669.21 ± 47.00a 1800.04 ± 78.86b 0.019

Feed Conversion Ratio (FCR) 1-14 2.35 ± 0.24 2.65 ± 0.63 2.18 ± 0.16 0.082
15-35 1.72 ± 0.15 1.70 ± 0.13 1.52 ± 0.15 0.063
1-35 1.81 ± 0.15b 1.82 ± 0.13b 1.62 ± 0.15a 0.035

Mortality (%) 1-14 3,33 0,00 0,00 -
15-35 5,00 6,67 1,67 -
1-35 8,33 6,67 1,67 0.252

Performance Index (PI) 1-35 268.92 ± 27.64a 262.54 ± 26.53a 323.11 ± 44.00b 0.015
Note: Different superscripts on the same line indicate significantly different results (P<0.05); Initial body weight (DOC) was 
normally distributed (Shapiro–Wilk, P>0.05); Mortality data were analyzed using Chi-square test and are presented as percentages 
therefore no mean ± SD values are reported; P0 = control; P1 = control + Vitachick®; P2 = control + 400 ppm potato peel waste 
extract; DOC= Day Old Chicken.

Broiler performance
Feed intake
The results in Table 4 show that the treatment had no 
significant effect (P>0.05) on feed intake. The highest feed 
intake was found in treatment P0, while the lowest was 
found in treatment P2. The low feed intake in treatment 
P2 may be due to the content of active compounds such 
as solanine in potato peel, which act as antioxidants and 
antimicrobials (Vescovo et al., 2025). These compounds can 
increase the body’s antioxidant status, improve intestinal 
mucosal integrity, and reduce the population of pathogenic 
bacteria. This effect contributes to increased nutrient 
utilization efficiency, thereby improving feed conversion 
even though feed intake is slightly reduced. Overall, feed 
intake in this study was lower than the Cobb-Vantress 
(2022) standard, which states that feed intake for 35-day-
old broiler chickens is 3635 g chicken-1. The low feed intake 
may be due to environmental conditions during rearing. 

The average heat stress index (HSI) during rearing ranged 
from 151.95-158.66. During the starter phase, the HSI 
values were still considered tolerable because young 
broiler chickens require higher ambient temperatures to 

maintain their body temperature. Rahmawati et al. (2017) 
reported that the optimal HSI during the starter phase 
is approximately 155, indicating that the environmental 
conditions in the present study were still within the 
thermal requirements of young broilers. In contrast, 
the HSI values observed during the finisher phase were 
classified within the warning category. According to Yasa 
et al. (2019), an HSI ranging from 150 – 160 indicates the 
onset of heat stress, which may negatively affect broiler 
performance. Under these conditions, broilers increase 
their respiratory rate (panting) to dissipate excess body 
heat through evaporative cooling. Heat stress is also 
commonly associated with increased water intake, reduced 
physical activity, and decreased nutrient utilization 
efficiency, as a greater proportion of metabolic energy is 
diverted toward maintaining body homeostasis rather than 
supporting growth. Consequently, prolonged exposure to 
these environmental conditions may reduce feed intake, 
body weight gain, and feed efficiency in broiler chickens.

Water intake
The results in Table 4 show that the treatments had no 
significant effect (P>0.05) on the water consumption of 
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broiler chickens. This could be due to the fact that feed 
consumption had no significant effect on all treatments. 
Pertiwi et al. (2017) stated that water consumption is 
influenced by the amount of feed consumed or the nutrient 
content of the feed consumed. Water consumption 
increases with increasing consumption and age of the 
chickens. As they age, chickens experience increased 
feed consumption and body weight, which leads to high 
water consumption to lower their body temperature and 
maintain their metabolic activity (NRC, 1994). Higher 
water consumption is very important to compensate for 
rapid muscle tissue growth and maintain feed efficiency. 
The highest cumulative water consumption occurred in 
treatment P0 (control), while the lowest was in treatment 
P2 (control + 400 ppm potato peel waste extract). The 
lower water intake observed in the P2 treatment (control 
+ 400 ppm potato peel waste extract) was likely associated 
with changes in the visual characteristics of the drinking 
water. Potato peel extract is characterized by a dark brown 
color, a distinctive odor, and a bitter taste. The addition of 
the extract resulted in a light brown coloration, making 
the drinking water appear darker than that of the control 
treatment. This change in color may have influenced the 
birds’ drinking behavior because chickens rely heavily on 
visual cues when identifying feed and water sources.

The avian visual system possesses a high capacity for 
color discrimination due to its tetrachromatic vision, 
which is mediated by four types of cone photoreceptors. 
This enables chickens to perceive a wider range of colors 
and distinguish subtle color differences more effectively 
than humans. Consequently, changes in the color of feed 
or drinking water can influence feeding and drinking 
behavior. In contrast, the gustatory system primarily 
functions to detect nutrients and potentially harmful 
compounds after ingestion. Therefore, feed and water 
selection is influenced not only by taste but also by visual 
stimuli perceived before consumption. Recent studies on 
avian sensory physiology have demonstrated that visual 
perception plays a fundamental role in regulating feeding 
and drinking behavior, whereas the gustatory system serves 
as a secondary mechanism for evaluating the chemical 
properties of ingested substances (Yoshida et al., 2022).

Body weight and body weight gain
The initial body weight of day-old chicks (DOC) was 
normally distributed according to the Shapiro–Wilk test 
(P>0.05). Since no treatments had been applied at this 
stage, no statistical comparison among treatments was 
performed. The results in Table 4 show that the treatment 
had a significant effect (P<0.05) on the body weight 
and body weight gain of broiler chickens throughout 
the experimental period. These findings indicate that 
supplementation with potato peel waste extract at 

an appropriate concentration improved the growth 
performance of broilers. The higher body weight observed 
in the P2 treatment was likely associated with the presence 
of putatively identified bioactive compounds in potato 
peel, particularly phenolic compounds and glycoalkaloids 
such as solanine, which have been reported to possess 
potential as phytogenic feed additives. These compounds 
exhibit antioxidant and antimicrobial properties that 
may improve intestinal health, support a balanced gut 
microbiota, and enhance nutrient utilization efficiency, 
thereby contributing to improved broiler growth.

The antioxidant activity of potato peel extract is primarily 
attributed to the presence of phenolic compounds 
and glycoalkaloids in the potato peel. These bioactive 
compounds have been reported to scavenge free radicals 
and inhibit lipid peroxidation, thereby protecting cellular 
membranes from oxidative damage (Sierżant et al., 2023). 
During the experimental period, ambient temperature and 
relative humidity were generally above the optimal range 
for broiler chickens, suggesting that the birds were exposed 
to mild heat stress. Heat stress is known to increase the 
production of reactive oxygen species (ROS), leading to 
oxidative stress that can damage cellular membranes, 
proteins, and DNA, while impairing physiological 
functions, particularly within the gastrointestinal tract. 
Therefore, the antioxidant constituents of potato peel waste 
extract may have mitigated oxidative stress by reducing 
ROS accumulation and preserving intestinal mucosal 
integrity, which may have contributed to improved nutrient 
digestion and absorption.

The antimicrobial activity of phenolic compounds and 
glycoalkaloids may have inhibited the growth of pathogenic 
bacteria in the gastrointestinal tract, thereby helping 
to maintain gut microbial balance. This condition may 
reduce intestinal inflammation and decrease the amount 
of energy required for immune responses, allowing more 
energy and nutrients to be allocated to growth rather than 
to maintaining immune function. These mechanisms may 
partly explain the higher body weight observed in the P2 
treatment despite its slightly lower feed intake compared 
with the other treatments. However, because intestinal 
microbiota composition, inflammatory biomarkers, and 
gut morphology were not evaluated in the present study, 
these proposed mechanisms remain speculative and 
require further investigation. Although supplementation 
with potato peel extract improved body weight and body 
weight gain compared with the control treatments, the 
values obtained in the present study remained lower than 
the performance standards reported by Cobb-Vantress 
(2022), which indicate a body weight and body weight gain 
of 2.653 g chicken⁻¹ and 2.521 g chicken⁻¹, respectively, 
at 35 days of age. This discrepancy may be attributed to 
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several factors, including feed intake, broiler strain, sex, 
diet quality, environmental conditions, and management 
practices.

Feed conversion ratio (FCR)
The results in Table 4 show that the treatment had a 
significant effect (P<0.05) on the FCR value during 
maintenance. The FCR value in treatment P2 was 
significantly different (P<0.05) compared to P0 and P1. 
The low FCR value indicates that the administration of 
400 ppm potato peel waste extract has better efficiency in 
converting feed into meat. This is in line with the opinion 
of Sumarno et al. (2022) that feed conversion is an indicator 
of feed utilization efficiency, where lower feed conversion 
reflects a higher level of efficiency. Overall, the feed 
conversion ratio obtained in this study was higher than the 
Cob-Vantress (2022), standard, which is 1.44 for 35 days 
of maintenance. This difference is most likely influenced 
by less than ideal rearing environmental conditions. 

Mortality
During the 35-day rearing period, a total of 10 deaths 
were recorded out of 180 chickens, occurring from the 
starter period (1–14 days) to the finisher period (15–35 
days). The mortality rate during the rearing period was 

5.56%, which is considered high. Bell and Weaver (2002) 
reported that the mortality rate during the rearing period 
should not exceed 4%. Numerically, the lowest mortality 
rate was observed in treatment P2 (1.67%), followed by 
P1 (6.67%) and P0 (8.33%). However, the Chi-square test 
indicated that mortality did not differ significantly among 
treatments (P>0.05). The lack of statistical significance 
was likely due to the small number of mortality events, 
which limited the statistical power of the analysis. The 
highest mortality occurred during the finisher period, 
which is strongly suspected to be related to fluctuations in 
ambient temperature that caused an increase in the Heat 
Stress Index (HSI). Daud et al. (2017) stated that stress 
due to unfavorable environmental conditions is one of the 
main causes of increased mortality in broiler chickens. 
Treatment P0 or control had the highest mortality rate, 
which could be caused by the absence of additional 
supplementation in feed and water, making the livestock 
more susceptible to oxidative stress and disease. The lowest 
mortality was found in treatment P2 with 400 ppm potato 
peel waste extract supplementation. Potato peel waste 
extract contains bioactive components that can be useful 
as immunostimulants to enhance the chickens’ immune 
response to environmental stress and pathogen load.

Table 5: IOFCC values for broiler chickens.
Variable Treatments

P0 P1 P2
Final weight (kg chicken-1) 1,75 1,71 1,84
Selling price (Rp kg-1) 24.500,00 24.500,00 24.500,00
Total income (Rp) 42.931,00 41.904,00 45.136,00
Feed price (Rp kg-1)
 Starter 9.600,00 9.600,00 9.600,00
 Finisher 9.600,00 9.600,00 9.600,00
Feed intake (kg chicken-1)
 Starter 0,56 0,55 0,57
 Finisher 2,53 2,49 2,35
Total feed cost (Rp chicken-1) 29.678,00 29.195,00 28.004,00
Vitachick requirement (g chicken-1) - 1,75 -
Vitachick cost (Rp g-1) - 400,00 -
Total Vitachick cost (Rp chicken -1) - 700,00 -
PPWE requirement (mL chicken 1) - - 1,40
PPWE price (Rp mL-1) - - 4.287,00
Total PPWE cost (Rp chicken -1) - - 6.002,00
DOC price (Rp chicken -1) 11.000,00 11.000,00 11.000,00
Total expenditure (Rp) 40.678,00 40.895,00 45.006,00
IOFCC (Rp chicken -1) 2.253,00 1.009,00 130,00

Note: P0 = control; P1 = control + Vitachick®; P2 = control + 400 ppm potato peel waste extract; PPWE = Potato Peel Waste Extract; 
DOC = Day Old Chicken; IOFCC = Income Over Feed and Chick Cost; Rp = Indonesian rupiah.



Advances in Animal and Veterinary Sciences

October 2026 | Volume 14 | Issue 10 | Page 2214

Performance index (PI)
The performance index is one of the important parameters 
used to evaluate the success of broiler chicken production 
during the rearing period. The performance index is 
classified into five categories, namely poor (PI < 300), fair 
(301–325), good (326–350), very good (351–400), and 
excellent (PI > 400). The results of the study show that 
the treatment given had a significant effect (P<0.05) on 
the performance index of broiler chickens. Treatments P0 
and P1 had performance index values that fell into the 
poor category, while P2 fell into the fair category. Higher 
performance index values indicate better feed utilization 
efficiency, which contributes to increased broiler chicken 
growth. Mahardika et al. (2020) stated that a high 
performance index can be achieved if performance such as 
high body weight, low mortality, and low feed conversion 
is achieved.

Income over feed and chick cost (IOFCC)
The highest Income Over Feed and Chick Cost (IOFCC) 
value was obtained in treatment P0. The lowest IOFCC 
value was found in treatment P2. The low IOFCC in 
treatment P2 was due to the additional cost of potato peel 
waste extract. The price of potato peel waste extract in this 
study was still relatively high. Despite having the lowest 
IOFCC value, in terms of performance, such as body 
weight, FCR, PI, and mortality, treatment P2 was better 
than P0 and P1. The high IOFCC value in treatment P0 
was due to the absence of additional costs for livestock 
supplementation. A high IOFCC does not automatically 
indicate ideal maintenance conditions, especially if 
accompanied by high mortality that reduces total profits. 
The low IOFCC in this study was due to the high price of 
DOC and feed during the study period. The high prices 
were not offset by high selling prices, resulting in a low 
IOFCC. From a commercial perspective, the economic 
feasibility of potato peel waste extract supplementation 
depends largely on reducing extraction costs. If potato peel 
waste extract can be produced more efficiently using large-
scale extraction systems, lower-cost solvents, or industrial 
by-products, the cost of supplementation may decrease 
substantially. Under such conditions, the improvements 
in feed efficiency, growth performance, and survival could 
potentially offset the additional production costs, thereby 
improving overall profitability. Income over feed and 
chick cost is influenced by various factors, including feed 
consumption, final body weight of chickens, feed prices, 
and chicken selling prices (Setyaningrum et al., 2014).

CONCLUSION

Potato peel waste contains active compounds such as 
solanine, which has potential as a feed additive for broiler 
chickens. At a concentration of 400 ppm, the potato 

peel waste extract inhibits Staphylococcus aureus, with an 
inhibition zone of 7 mm, classified as moderate inhibition. 
The supplementation of 400 ppm potato peel waste extract 
has a positive effect on body weight, weight gain, FCR, and 
broiler chicken performance index. This supplementation 
is also able to reduce broiler chicken mortality during 
rearing.
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