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ABSTRACT

The research examined the trends, growth rates, and instability indices related to the output, harvested
area, and yield of major vegetables (Carrot and Turnip; (Daucus carota and Brassica rapa); Chillies and
peppers, dry (Capsicum spp., Pimenta spp.), Chillies and peppers fresh (Capsicum spp., Pimenta spp.) green;
Pineapple (Ananas comosus), and Tomato (Solanum lycopersicum)) in Nigeria. It also analyzed the
decomposition of their production. Utilizing secondary data sourced from the Food and Agricultural
Organization (FAO) covering the period from 1961 to 2023, the study revealed fluctuating trends in
output, harvested area, and yield of vegetables across the specified timeframe. The exponential growth
rate, compound growth rates, Cuddy-Della Valle instability index (CDI) and the Coppock Instability Index
(COI) for tomato yield from 1961 - 2023 were identified as -1.59%, -1.63%, 15.48, and 52.64 respectively.
For pineapple yield within the same period, the estimates were; 0.51%, 0.43%, 3.13 and 40.58
respectively. For carrot and turnips the estimates were; 0.36%, 0.28%, 2.48, and 39.59 respectively. The
instability indices of vegetable yields were relatively low, indicating low activities in the sub-sector in
Nigeria. A decomposition analysis of the total effect of vegetable outputs showed that the land area effect
accounted for 56.10% for carrot and turnips, 75.08% for chillies and pepper dry, 116.15% for chillies and
pepper, green, 65.45% for pineapple, 290.56% for tomato, and 46.93% for other vegetables. The findings
suggest that the growth of land area and not improve technology is the major driving force of vegetable
output in Nigeria. Consequently, it is recommended that various programs be implemented within the sub-
sector to stimulate technology adoption among farmers and potentially enhance both outputs and yields.

Nijerya'da sebze iiretim egilimleri, biiyiime oranlari, istikrarsizlik endeksi ve

ayrisma analizi

MAKALE BIiLGiSi

Makale Gegmisi:

Gelis 15.04.2025

Kabul 26.05.2025

Cevrimi¢i mevcut 20.06.2025

Anahtar Kelimeler:
Biiylime orani
Istikrarsizlik endeksi
Sebze

Ayrisma

OZET

Arastirmada, Nijerya'daki baslica sebzelerin (Havug ve Salgam (Daucus carota ve Brassica rapa); Aci biber
kuru biberler (Capsicum spp., Pimenta spp.), Aci biberler ve taze yesil biberler (Capsicum spp., Pimenta
spp.), Ananas (Ananas comosus) ve Domates (Solanum lycopersicum)) ¢ikti, hasat alani ve verimiyle ilgili
egilimler, bliylime oranlari ve istikrarsizlik endeksleri incelenmistir. Ayrica, iretimlerinin ayristirilmasi da
analiz edilmistir. Gida ve Tarim Orgiitii'nden (FAO) 1961-2023 dénemini kapsayan ikincil veriler
kullanilarak yapilan ¢alisma, belirtilen zaman dilimi boyunca sebzelerin ¢ikti, hasat alani ve veriminde
dalgalanan egilimleri ortaya koymustur. 1961-2023 yillar1 arasinda domates verimi i¢in {istel biiylime
orani, bilesik bilyiime oranlari, Cuddy-Della Valle istikrarsizlik endeksi (CDI) ve Coppock Istikrarsizlik
Endeksi (COI) sirasiyla -%1,59, -%1,63, 15,48 ve 52,64 olarak belirlendi. Ayn1 dénemdeki ananas verimi
icin tahminler sirasiyla; %0,51, %0,43, 3,13 ve 40,58 olarak bulundu. Havug¢ ve salgam i¢in tahminler
sirastyla; %0,36, %0,28, 2,48 ve 39,59 olarak bulundu. Sebze verimlerinin istikrarsizlik endeksleri
nispeten diisiik olup, Nijerya'daki alt sektorde diisiik faaliyetleri gostermektedir. Sebze ¢iktilarinin toplam
etkisinin ayristirma analizi, arazi alani etkisinin havug ve salgam i¢in %56,10, ac1 biber ve kuru biber i¢gin
%75,08, ac1 biber ve yesil biber i¢in %116,15, ananas i¢in %65,45, domates i¢in %290,56 ve diger sebzeler
icin %46,93 oldugunu gosterdi. Bulgular, Nijerya'daki sebze ¢iktisinin ana itici giicliniin teknolojiyi
iyilestirmek degil arazi alani bliyliimesi oldugunu gostermektedir. Sonug olarak, giftgiler arasinda teknoloji
benimsemesini tegvik etmek ve potansiyel olarak hem ¢iktilar1 hem de verimi artirmak i¢in alt sektérde
cesitli programlarin uygulanmasi 6nerilmektedir.
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1.Introduction

According to FAO (2025) and Tadesse (2023), vegetable crops are considered
essential staple food components worldwide. The aggregate annual production of
vegetable crops has shown steady growth over the years (FAO, 2025). In Africa,
vegetable crops are widely cultivated by smallholder farmers and hold great importance
(Kadzere et al., 2023). However, the continent currently has the lowest vegetable
production and consumption per capita (Schreinemachers et al., 2021; Steenhuijsen et
al,, 2021). Vegetables are increasingly being recognized as crucial for ensuring food and
nutrition security. Researchers such as Schreinemachers et al. (2018) and Akpan et al,,
(2019b) suggest that vegetable cultivation presents a promising economic opportunity
for reducing rural poverty and tackling unemployment in developing countries.
Additionally, it plays a key role in enabling farm income diversification (Akpan et al,,
2023). Studies have shown that vegetable crops offer a cost-effective source of essential
vitamins and minerals crucial for human health maintenance. The World Health
Organization (WHO) recommends a minimum daily intake of 200g per person for
vegetables, totalling approximately 73kg per year, and 400g per day for fruit and
vegetables combined, equating to 146kg per person annually (WHO, 2020). Despite the
abundance of research highlighting the health benefits of vegetable consumption, many
developing countries still fall short of meeting the WHO's minimum intake standards
(Akpan and Okon, 2019a).

In Nigeria, vegetable production plays a significant role in the agricultural sector due
to its growing domestic demand and its substantial contribution to achieving the
Sustainable Development Goal (SDG) of reducing hunger by 2030 (Akpan et al., 2024a).
Nigerian cuisine frequently features vegetables as essential ingredients in dishes such as
soups and stews, underscoring their cultural significance. The country's diverse climate
environment allows for year-round vegetable production, enabling farmers to grow a
wide variety of vegetables, including bitter leaf, carrot, turnip, chillies, African Spinach,
waterleaf, African basil, pepper, leafy fluted pumpkin, potatoes, onion, corn, squash,
tomatoes, onions, cabbage, okra, and other leafy greens. The vegetable sub sector in
Nigeria continues to play a vital role in the country's agricultural landscape. The
cultivation of vegetables plays a crucial role in ensuring food security and promoting
economic growth (Schreinemachers et al., 2018; Sithole et al.,, 2023). The production of
vegetables is a significant component of the agricultural sector, with an annual output of
approximately 137.8 million tons in the country (FAO, 2025). Increased vegetable
production, as highlighted by Tadesse (2023), Sithole et al. (2023), and Gebru et al.
(2019), has led to improvements in food security and has created employment
opportunities for both rural and urban populations. Studies by Mukaila et al. (2022),
Akpan et al. (2023), and Akinola et al. (2023) have shown that vegetable production
serves as a major source of income for small-scale farmers and those with limited
resources in developing countries. The vegetable value chain not only generates income
but also helps in reducing poverty and unemployment levels.

Recent studies (Schreinemachers et al., 2018; Akpan and Okon, 2019a) have revealed
that vegetable consumption in Sub Saharan Africa falls significantly below the World
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Health Organization's minimum standard for human consumption (WHO, 2020). Per
capita vegetable intake in this region not only lags behind global averages but is also on
a downward trend (Ganry, 2009). The annual consumption of fruits and vegetables in
Sub Saharan Africa ranges from 27kg to 114 kg per capita, well below the WHO/FAO
recommendation. Nigeria, as highlighted by Kamga et al. (2013), leads in vegetable
consumption within the region, with a level at 61.31g per capita per day, still below the
required nutritional threshold stipulated by the WHO. To address this gap, there is a
pressing need to increase vegetable production in alignment with the goals of the WHO's
Fruit and Vegetable Initiative. The federal government of Nigeria has taken steps in
recent years to boost agricultural output through various programs and institutional
support.

Furthermore, there has been a growing recognition of the health benefits of
consuming vegetables in the country. This has led to various intervention programs
being implemented by individuals, groups, organizations, and communities to enhance
vegetable production. Notably, the cultivation of popular leafy vegetables such as water
leaf, tomato, chilies pepper, fluted pumpkin, bitterleaf, and Amaranths plays a significant
role in the livelihood activities of rural communities. Vegetable cultivation has emerged
as a preferred crop enterprise for youth agro-entrepreneurship and development
programs in several states in Nigeria due to its short gestation period, high technical
efficiency, nutritive value, gross margin, demand, and affordability (Akpan et al., 2018
and Akpan et al, 2022, Edet and Akpan, 2025). The cultivation of vegetables is
considered as one of the potent poverty reduction strategies especially among the
resource poor rural women in Nigeria (Akpan et al, 2019b). While the potential for
vegetable cultivation in Nigeria is promising, there are challenges that hinder
agricultural development in the country. These challenges include policy inconsistency,
weak marketing systems, high input costs, and inadequate infrastructure.

In light of the importance of vegetables and their consistently low per capita
consumption in many developing countries, numerous researchers have conducted
analyses on the production trends of vegetables. In India, studies by Lalenpuii et al.
(2024), Vanitha et al. (2021), and Sethi et al. (2024) have shown a substantial growth
rate in production, land areas, and yields for various vegetable crops over different time
periods. These studies employed the coefficient of variation, Cuddy-Della Valle Index
analysis, and Coppock Instability Index, with results indicating a moderate level of
instability in the output, land area, and yield of vegetables in India. The examination of
the decomposition analysis revealed that the increase in land expansion played a
significant role in driving vegetable output in India. In a separate study, Mathobo et al.
(2024) from South Africa assessed the growth rate and instability of area, production,
yield, consumption, import and export of dry beans from 1970 to 2019. The findings
showed a decrease in the average growth rate of land area, production, and export of dry
beans by 1.497%, 0.472%, and 0.282% respectively. Other scholars, including Liverpool-
Tasie et al. (2023), Schreinemachers et al. (2023), and Faye et al. (2023), have
documented discrepancies in the outputs and yields of vegetables across various African
countries. In Nigeria, a number of empirical studies have been carried out to analyze

3
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trends, growth rates, instability indices, and decomposition of different arable crops. For
instance, Ochoche et al. (2022), Ikuemonisan et al. (2022), Adebayo (2023), and Akpan
et al. (2024b, 2025a, 2025b) have all conducted research focusing on these aspects,
revealing fluctuating outputs, land areas, and yields over time. The decomposition
analyses of these studies have indicated that land area plays a dominant role in total
production of these crops. However, there is a notable gap in similar studies concerning
vegetable crops in Nigeria, despite their increasing significance.

Given the limited availability of empirical research on historical trends and growth
rates of output, land usage, and yields of major vegetable crops in the country, this study
is deemed essential due to the significant impact of vegetable crops on the nation's
economy. Analyzing the trends, growth rates, and decomposition of vegetable crop
production, cultivated/harvested areas, and yield components is crucial for achieving
the desired growth in this sub-sector. Consequently, the study was specifically designed
to examine the trends, growth rates, instability indices and decomposition structure of
selected vegetable crops in Nigeria spanning from 1961 to 2023.

2. Materials and Methods
2.1. Study Area and Data Source

The study was conducted in Nigeria. The country is endowed with abundant
agricultural, marine, and forest resources. The richness of natural resources allows for
the cultivation of a wide range of agricultural products. More than sixty percent of the
population is involved in agricultural activities, including the production of cassava,
groundnuts, oil palm, cotton, sugarcane, rubber, cocoa, rice, maize, aquaculture and
artisanal fishing, coconut, livestock, yams, various beans and legumes, sorghum, carrots,
and a variety of vegetables, among others. The study made use of secondary data
sourced from Food and Agricultural Organization (FAO) extended from 1961 to 2023.

2.2. Analytical Techniques
The study calculated growth rates, instability indices and decomposition of

vegetables in Nigeria. The details of the calculations are presented below:

2.2.1. Exponential Growth Rate
In measuring the exponential growth rate of vegetable production, harvested area,
and yield, the following equation were defined in accordance with Akpan et al., (2025a),

l0ge( Vo, Vo, V) = ag + ayt + U, (1)

Where, V,,V,,V,
yield in ton/ha respectively in a given year. Variable “t” represents the time variable or
trend measured in years. The choice of the exponential growth rate was based on the
assumption that the vegetable output, harvested area and yield would likely exhibit
exponential growth patterns over the years as a result of various intervention policies
implemented by the federal government to boost the subsector’s productivity. The

exponential growth rate (EGR) is as specified in equation 2.

are the output of vegetable in ton, harvested area in hectare and
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EGR, = (e — 1) x 100
(2)

Where “EGRt” is the measure of exponential growth rate for a specified variable
express in a percentage. The OLS technique was used to estimate equation 1 from which
the required parameter @; was obtained. An exponential growth rate characterizes the
rapid increase of a quantity over time, where the rate of change is directly proportional
to the quantity itself. This implies that the rate of increase corresponds directly with the
current magnitude of the quantity. Consequently, a greater growth rate results in a
larger quantity being measured and produces a steeper curve.

2.2.2. Annual Compound Growth Rate

Compound annual growth rate (CGR) measures the annualized growth rate for
compounding values over a given time period. The CGR smoothed the effect of volatility
of periodic values that can render arithmetic means less meaningful. The rate represents
the rate of return that an investment would need to have every year in order to grow
from its beginning balance to its ending balance, over a given time interval. The study
assumes that, the annual growth in production, harvested area and yield of vegetable
subsector were as a result of investment done over the years by stakeholders in the
subsector. Hence, a simple business CGR was estimated for the production, harvested
area and yield of respective vegetables as thus:

CGR = ((Z—’;)% - 1) 100 (3)

Where “n” represents the total number of years considered, V; represent the initial or
the first year value and V, is the last year value of the variable considered. The rate is
expressed as a percentage. A higher value of CGR represents a higher annual growth rate
and a lower value, a lower annual growth rate.

2.2.3. Coefficient of Variability (COV)

The COV is a prominent index used for assessing variability and instability within a
series. It quantifies the relative dispersion of data around the mean value. However, it is
important to note that the COV tends to overestimate instability in time series with long-
run trends and does not adequately account for the trend component inherent in the
data. A higher COV indicates greater variability, while a lower COV suggests less
variability.

standard deviation
cov = 4)
mean

2.2.4. Cuddy-Della Valle index (CDI)

The Cuddy Della Valle index removes trend effects from annual series, providing a
clear indication of instability direction (Cuddy and Della Valle, 1978). By utilizing the
adjusted coefficient of determination, it eliminates the impact of trends on the
coefficient of variation (COV), resulting in a superior measure of instability (Wasem,
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2001). A low value of this index suggests low instability in the series, whereas a high
value indicates the opposite. The formula for calculating this index is as follows:

CDI = COVA/1 — R? (5)

Where COV is the coefficient of variation in percent, and R? denotes the adjusted
coefficient of determination obtained from the linear time trend regression on output,
harvested area and yield of vegetables in the country. The degrees of instability are
classified into three ranges: Low instability (from 0 - 15); medium instability (greater
than 15, but less than 30) and high instability (>30).

2.2.5. Coppock Instability Index (COI)

The Coppock (1962) instability index measures instability by utilizing log variance
methodology. A greater Coppock instability index indicates heightened instability, while
a lower index signifies lower instability. It is given as:

Coppock Instability Index (COI) = Antilog(y/logV — 1)x 100 (6)

Where,

logV = = T(logXess — logX, — M) (7
1

M=5—7 Z(lOgXt+1 — logX,) )

Note,

X: = Time series or variable under consideration (e.g. log of output/area/yield) in period

t.

M = Mean value of the first differences of logarithm

N = Total number of observations

V = Value of Variance log obtained by substituting the values of first differences and M in
equation 7.

2.2.6. Vegetable Production Decomposition

The instability indices does not consider the proportional impact of harvested area
and yields on the respective vegetable crops. The decomposition analysis isolate the
effects of yield, harvested area and the interaction effect from the total production. The
process is shown as thus:

Total effect = Area effect + Yield effect + Interaction effect

D= AoAY* 100 n YoAA%100 n AYAA*100
AP AP AP
Where,
Ao = Area in the base year
AA = Current harvested area minus the base area
Yo = Yield in the base year

AY= Current yield minus the base yield

€)



J. Agr. Fac. Diizce Uni., v. 3, i. 1, pp.1-19, 2025.

AP = Current production minus base production
All analyses specified in the study are done for three (3) periods i.e. 1961-1985,

1986-2023 and 1961 - 2023. These periods represent the major policy eras in Nigeria.
The vegetable crops considered were; Carrot and Turnip; (Daucus carota and Brassica
rapa); Chillies and peppers, dry (Capsicum spp. Pimenta spp.), Chillies and peppers
(Capsicum spp., Pimenta spp.) green; Pineapple (Ananas comosus), Tomato (Solanum
lycopersicum), and other Vegetables. The choice of the vegetables was based on the
availability of data.

3.Results and Discussion

3.1. Trend Analyses

The trends for vegetables’ output from 1961 to 2023 in Nigeria is presented in figure
1. The outputs of the specified vegetables displayed a fluctuating pattern, with notable
irregular peaks and troughs over the examined period. For instance, carrot and turnip
outputs assumed a zero growth from 1961 to 1988. A depression occurred in 1993 and
2011, the rest of the periods assume an average upward trend. A steady upward trends
were observed for dry chillies and peppers, green chillies and peppers, pineapple,
tomato and other vegetables in most of the periods considered. The fluctuation in
vegetable outputs in the country was observed to have an average upward trend during
the pre-Structural Adjustment Programme (SAP) period spanning from 1961 to 1985.
Most of the conspicuous troughs in the trends occurred during the SAP period of 1986 to
1993 and post-SAP period of 1994 to 2023.

=)

260000
240000
220000
200000
180000
160000
140000

70000
65000
60000
55000
50000
45000
40000
35000

120000 s s s s 30000 s s s 350000 s s s s
19611976199120062021 196119761991 20062021 19611976199120062021

(D) (E) (F)
4.Se+06 8e+06

de+06 7e+06
3.5e+06 6e+06

3e+06 S5e+06
2.5Se+06
d4e+06

2e+06
1.5e+06 Se+o6
1e+06 2e+06
500000 1e+06

-8e+06
6e+06
-4e+06

C )
.

-2e+06

1e+06
800000
600000

400000 L L L o L L n L o L n L .
19611976199 120062021 19611976199 120062021 196119761991 20062021

Figure 1. Trend in vegetables production (tons) in Nigeria (1961 - 2023). Where (A) = Carrot and Turnip; (B) =
Chillies and peppers, dry; (C) = Chillies and peppers, green; (D) = Pineapple; (E) = Tomato; (F) = other vegetables.

However, the last four years of the time frame considered (from 2020 - 2023)
witnessed a consistent upward growth in all vegetable outputs examined. The trends
observed in vegetable outputs depict the fact that, the country has injected concerted
effort to grow vegetables over the years. The observations found are similar to those
reported by Ochoche et al., (2022), Ikuemonisan et al., (2022), Adebayo (2023), Akpan et
al,, (2024b), Akpan et al., (2025a), and Akpan et al., (2025b) for other arable crops.
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Figure 2 illustrates the trends in the harvested land area dedicated to vegetable crops
examined in this study. These trends predominantly mirror the output patterns
identified throughout several time periods. Notable fluctuations occurred particularly
during the SAP and Post SAP phases. The parallels between the trends in harvested area
and output for vegetable crops can be linked to various government policies concerning
arable crop production that have been enacted over the years. A significant number of
these policies aimed to enhance vegetable crop production primarily through land
expansion, rather than the adoption of advanced technologies. Consequently, the
increases in output observed during most of the analyzed periods are directly
attributable to the expansion of cultivable land area.
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Figure 2. Trend in harvested area (hectare) of vegetables in Nigeria (1961 - 2023). Where (A) = carrot and turnip; (B)
= chillies and peppers, dry; (C) = chillies and peppers, green; (D) = pineapple; (E) = tomato; (F) = other vegetables.

The data indicates a consistent increase in the area of land harvested for all vegetable
crops studied from 1961 to 2023. This ongoing expansion of agricultural land suggests a
persistent issue of low productivity affecting the subsector throughout the years in the
country.

Figure 3 illustrates the trends in vegetable crop yields, which have demonstrated
variability when compared to trends observed in output and harvested area during the
same period. Notably, only carrots, turnips, dry chillies and peppers, pineapples, and
other vegetables displayed an average upward trend during the study's timeframe. In
contrast, green chillies, peppers, and tomatoes exhibited an average downward trend
within the analyzed period.

The fluctuations in yield response among designated vegetable crops over time are
considerably influenced by agricultural policies and programs in the country. These
policies play a crucial role in aligning with economic demands and capabilities, which
ultimately determine the trends in vegetable yields nationally. For instance, in Nigeria,
historical agricultural policies have largely overlooked vegetable crop production,
directing focus instead toward non-vegetable arable crops such as cassava, yam, and
groundnut. Consequently, farmers have tended to prioritize these staple crops over
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vegetable production, rendering the adoption of innovations in the vegetable sector
particularly difficult, especially prior to the era of the Structural Adjustment Program

(SAP).
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Figure 3. Trend in Yield (ton/ha) of vegetables in Nigeria (1961 - 2023). Where (A) = Carrot and Turnip; (B) = Chillies
and peppers, dry; (C) = Chillies and peppers, green; (D) = Pineapple; (E) = Tomato; (F) = Other Vegetables.

In recent years, however, there has been a marked increase in the production and
yield of certain vegetable crops within the country. Crops such as carrots, turnips,
pineapples, and dry chillies have demonstrated significant improvements in both output
and yield over the last five years. This progress can be attributed to multiple initiatives
undertaken by the government and stakeholders in the agricultural sector aimed at
promoting awareness of the nutritional and economic benefits associated with these
crops. Nonetheless, the yields of exotic vegetables, including tomatoes and green chillies,
continue to struggle in adapting to local conditions due to insufficient advanced
technology to enhance their yields. These yield observations align with the findings of
Ikuemonisan et al. (2022), Adebayo (2023), Akpan et al. (2024b), Akpan et al. (2025a),
and Akpan et al. (2025b).

3.2. The Compound Growth Rate and Instability Index in Output, Area and Yield

The estimated coefficients of variation (COV), exponential growth rate (EGR),
compound growth rate (CGR), Cuddy-Della Valle instability index (CDI), and Coppock
instability index (COI) associated with the output, harvested area, and yield of vegetable
crops in Nigeria for the periods 1961-1985, 1986-2023, and 1961-2023 are presented
in Tables 1, 2, and 3, respectively.

3.2.1. Growth rates and Instability Indices in Output of Vegetable Crops

The analysis estimates that capture the coefficient of variation, exponential growth
rate, compound growth rate, and instability index of vegetable output in the specified
timeframe are discussed below:
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Carrots & turnips: The production levels of carrots and turnips remained stable
during the initial period from 1961 to 1985, resulting in a coefficient of variation (COV),
exponential growth rate (EGR), and compound growth rate (CGR) of zero percent. In the
subsequent period from 1986 to 2023, there was a slight increase in COV and single-
digit values for EGR and CGR, accompanied by low instability indices. The overall
analysis spanning from 1961 to 2023, showed a minimal coefficient of variation in
output (14.73%), as well as low EGR (1.04%) and CGR (0.73%). These findings suggest
that there were few significant changes or interventions in the subsector during this
time frame that significantly affected carrot and turnips output in the country.

Chillies and peppers, dry and green: The output of both dry and green chilies and
peppers demonstrated a consistent trend of positive growth with low instability rates
throughout the analyzed period. It was noted that the growth rates and coefficient of
variation (COV) were higher during the 1961-1985 period compared to the 1986-2023
period. This suggests that there were fewer significant activities affecting the output of
these subsectors during the period of analysis.

Table 1. Growth rates and Instability Indices in vegetable Outputs (ton) in Nigeria.

Vegetables

Carrots &  Chillies and Chillies & peppers, Pineapple Tomato other

Indicator turnips peppers, dry green vegetables
1961 - 1985 ( Pre- SAP Period)
Mean 150000 36000 530120 576000 251640 1029800
CoV (%) 0.000 10.222 18.647 11.516 24.734 13.354
EGR (%) 0.000 1.407 2.551 1.411 3.196 0.877
CGR (%) 0.000 1.355 2.388 1.355 2.788 1.684
CDI 0.000 0.00 2.681 5.220 11.211 12.062
COI 36.792 40.781 44.335 41.257 46.890 41.954
1986 - 2023 (SAP and Post-SAP Period)
Mean 213911 52571 721599 1094036 1708209 4672701
CoV (%) 14.727 15.049 7.605 32.288 70.135 43.025
EGR (%) 1.181 1.266 0.334 2.670 7.474 4.768
CGR (%) 1.210 1.109 0.190 2.225 6.440 4.567
CDI 8.748 5.063 6.850 12.596 26.428 7.782
COI 43.344 42.618 39.869 50.256 84.532 63.789
1961 - 2023 (Overall period)

Mean 188550 45995 645615 888466 1130206 3227106
CoV (%) 21.119 22.738 18.649 42.329 103.717 73.637
EGR (%) 1.044 1.222 0.969 2.052 5.694 4.353
CGR (%) 0.728 1.225 1.102 1.879 4.999 3.464
CDI 9.159 5.084 9.380 17.319 51.471 24.043
COI 45.443 46.096 45.218 54.224 104.869 83.006

Source: computed by authors.

Pineapple, tomato and other vegetable: The vegetable crops analyzed exhibited
positive Exponential Growth Rate (EGR) and Compound Growth Rate (CGR) over the
study period. This indicates that the production of pineapple, tomato, and other
vegetables increased during the analysis period. The rate of growth was found to be
higher in the pre-Structural Adjustment Program (Pre-SAP) era compared to the SAP
and post-SAP periods. The computed Cuddy-Della Valle index (CDI) and Coppock
Instability Index (COI) indicated moderate instability for pineapple and other vegetable
outputs, while tomato output showed high instability. The coefficient of variation (COV)
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was relatively high for the specified vegetable outputs from 1961 to 2023. These results
imply that various interventions were implemented to boost the production of these
crops during the study period. Similar fluctuations observed in the indices of vegetable
output instability have been documented in numerous studies conducted in developing
countries, as highlighted by Ochoche et al, (2022), Liverpool-Tasie et al., (2022),
Schreinemachers et al., (2022), Adebayo (2023), Akpan et al.,, (2024b), Akpan et al,
(2025a), and Akpan et al., (2025b).
3.2.2. Growth Rates and Instability Indices in Harvested Area (ha) of Vegetable
Crops in Nigeria

Similarly, the analysis conducted provides estimates of various statistical quantities
that characterize the coefficient of variation, growth rate, and instability index of the
harvested area of vegetable crops within the specified timeframe.

Carrots & turnips: The study reveals that key indicators related to the harvested area
exhibit a distribution pattern akin to output indicators. Specifically, the coefficient of
variation (COV), the exponential growth rate (EGR), and the compound growth rate
(CGR) all presented as zero between 1961 and 1985. However, these indicators
displayed a positive trend in subsequent periods, signifying a consistent upward trend
in the harvested land area of carrots and turnips over the years. It is noteworthy that the
instability indices, the CDI and COI remained low across all periods, indicating low
instability in the harvest area of carrots and turnips during the specified timeframe.

Table 2. Growth rates and Instability Indices in harvested land area (ha) of vegetable in Nigeria

Vegetables
Carrots & Chillies and Chillies & Pineapple Tomato other
Indicator turnips peppers,dry  peppers, green vegetables

1961 - 1985 ( Pre- SAP Period)

Mean 20000 36000 62460 87800 25364 217795.2
COV (%) 0.000 9.356 14.290 7.181 24.162 13.663
EGR (%) 0.000 1.286 1.919 0.919 3.177 0.969
CGR (%) 0.000 1.238 2.022 0.690 2.696 1.664
CDI 0.000 0.00 2.814 2.708 6.966 12.123
col 36.792 40.221 42.390 39.565 46.675 42.135
1986 - 2023 (SAP and Post-SAP Period)
Mean 25218 32337 90076 138797 336218 611317
COV (%) 10.645 10.144 11.314 28.182 95.219 27.553
EGR (%) 0.742 0.873 0.905 2.332 10.796 2.708
CGR (%) 0.743 0.807 0.706 1.936 9.449 2.886
CDI 7.498 2.927 5.663 10.790 36.991 11.250
col 41.265 40.674 41.428 48.321 117.160 51.683
1961 - 2023 (overall period)

Mean 23147 28870 79117 118560 212863 455158
COV (%) 14.277 17.957 21.086 33.324 136.707 51.496
EGR (%) 0.679 0.992 1.165 1.540 7.406 2.951
CGR (%) 0.448 10.995 1.226 1.439 6.741 2.431
CDI 7.065 2.545 5.521 15.040 79.422 16.293
col 42.418 44175 45.940 49.662 143.692 64.516

Source: computed by authors.

Chillies and peppers, dry and green: The harvested areas of dry and green chillies and
peppers showed consistent growth over the specified period, with both EGR and CGR
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indicating positive trends. This suggests that the harvested areas of these vegetables
increased steadily on average throughout the analysis timeframe. However, the growth
rates were notably higher before the implementation of SAP, declining slightly during
and after this period. The calculated values for COV, CDI, and COI indicate a low level of
variability in the cultivated areas of dry and green chillies and peppers over the course
of the analysis. This implies that there were only marginal positive changes in the
harvested areas of these vegetables during the specified timeframe.

Pineapple, tomato and other vegetable: The harvested areas of pineapple, tomato,
and other vegetables exhibited positive growth rates over the specified time periods.
The estimated EGR and CGR values were positive from 1961 to 1985 and showed even
higher values from 1986 to 2023. This indicates a consistent increase in the harvested
areas of these vegetables throughout the review period. The calculated Cuddy-Della
Valle index (CDI) and Coppock Instability Index (COI) indicated moderate instability for
pineapple and other vegetable harvested areas, and a high instability rate for tomato
harvested areas. The coefficient of variation (COV) for the vegetable harvested areas was
relatively high from 1961 to 2023. These findings suggest that various activities or
programs were implemented in these crop enterprises during the analysis period,
leading to the expansion of their cultivated land areas. Comparable findings have been
reported for various crops by Vanitha et al,, (2021), Ochoche et al,, (2022), [kuemonisan
et al., (2022), Adebayo (2023), Akpan et al., (2024b), Lalenpuii et al., (2024), Akpan et
al,, (2025a), Akpan et al,, (2025b), and Sethi et al., (2024).

3.2.3. Growth Rates and Instability Indices in Yields (ton/ha) of Vegetable Crops

Estimates for growth rates, coefficient of variation, and instability index of vegetable
crop yields were also calculated.

Carrots & turnips: The yield remained stable from 1961 to 1985, while there was a
slight increase in yield from 1986 to 2023 with low instability indices (COI and CDI).
Analysis of aggregate data from 1961 to 2023 showed that the yield of carrots and
turnips grew by 0.36% for EGR and 0.28% for CGR.

Throughout the analysis period, COV, CDI, and COI remained relatively low. Compared to
Egypt (EGR = 0.83% and CGR = 0.76%), Nigeria had a lower growth rate in carrot and
turnip yield, but higher than South Africa (EGR = -0.122% and CGR = -0.13%) (FAO,
2025). These findings suggest that improved technologies are needed for carrot and
turnip production in Nigeria to increase production and yield. This would also help
position the country in a more competitive and sustainable advantage relative to other
African nations.

Chillies and peppers, dry and green: The analysis reveals a consistent positive annual
growth in the yield of dry chillies and peppers over the study period. From 1961 to
1985, the estimated values of EGR and CGR stood at 0.12%, and 0.12% respectively,
increasing to 0.39% for EGR and 0.30% for CGR from 1986 to 2023. The aggregate data
for the entire period (1961-2023) shows a growth rate of 0.23% for both EGR and CGR.
However, these growth rates were lower than those observed in other countries such as
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Cameroon (EGR = 1.50%; CGR = 1.27%), Egypt (EGR = 0.62%; CGR = 0.57%), Ghana
(EGR = 3.39%; CGR = 2.67%), and South Africa (EGR = 1.00%; CGR = 1.17%) within the
same period.

Table 3. Growth rates and Instability Indices in yield (ton/ha) of vegetables in Nigeria

Vegetables
Carrots & Chillies and Chillies & Pineapple Tomato other
turnips peppers, dry peppers, vegetables
green
1961 - 1985 ( Pre- SAP Period)
Mean 7.500 1.524 8.440 6.545 9.911 4.731
COV (%) 0.000 0.883 5.536 5.545 1.598 1.579
EGR (%) 0.000 0.119 0.620 0.488 0.018 -0.091
CGR (%) 0.000 0.116 0.359 0.661 0.090 0.020
CDI 0.000 0.0743 3.219 4.230 1.627 1.459
COI 36.792 37.119 38.875 38.824 37.392 37.379
1986 - 2023 (SAP and Post-SAP Period)
Mean 8.443 1.618 8.059 7.798 7.009 7.270
COV (%) 5.166 4928 7.033 4.098 34.552 22.057
EGR (%) 0.435 0.389 -0.566 0.330 -2.999 2.003
CGR (%) 0.463 0.299 -0.513 0.284 -2.749 1.634
CDI 2.085 2.313 2918 1.822 15.474 6.007
COI 38.797 38.629 39.388 38.320 553.874 46.230
1961 - 2023 (Overall period)
Mean 8.069 1.581 8.210 7.301 8.160 6.262
COV (%) 7.115 4906 6.800 9.628 28.890 28.132
EGR (%) 0.363 0.227 -0.193 0.505 -1.594 1.362
CGR (%) 0.279 0.228 -0.123 0.433 -1.632 1.009
CDI 2.480 2.496 5.881 3.131 15.482 11.339
COI 39.490 38.594 39.341 40.584 52.637 48.032

Source: computed by authors.

On the contrary, the growth rates of green chillies and pepper showed a slight
positive trend from 1961 to 1985. However, there was an average annual decrease in
both yields during the periods of 1986 to 2023 and for the overall period of 1961 to
2023. This indicates a consistent decline in yields of green chillies and pepper
throughout the analysis. For the entire data set from 1961 to 2023, the estimated EGR
and CGR were found at -0.19% and -0.12% respectively. In comparison, Egypt saw
improvements in yields with an EGR of 0.19% and CGR of 0.41%, while Ghana had even
higher increases with an EGR of 2.24% and CGR of 2.15% (FAO, 2025). The COV, CD],
and COI values were relatively low, indicating consistent low instability in yields for
these vegetable crops over the selected time periods. The data suggests that in Nigeria,
the production of dry and green chillies and peppers relies more on land expansion
rather than advancements in technology. This differs from other African countries such
as Ghana, Egypt, and South Africa, where significant technological improvements have
been implemented in the production of these vegetable crops.

Pineapple, tomato and other vegetables: The analysis of pineapple yield over the
specified timeframe showed a consistent positive marginal increase in growth rate. This
indicates a gradual improvement or increase in pineapple yields during the period
under review. The instability indicators; CDI, COI, and COV were all low, suggesting
relatively low instability in yields and minimal fluctuations in the subunit activities. For
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the overall data spanning from 1961 to 2023, the pineapple yield growth rates were
0.51% for EGR and 0.43% for CGR. These rates are notably lower compared to other
countries such as Cameroon (EGR = 2.36%, CGR = 0.85%), Cote d’Ivoire (EGR = 0.94%,
CGR = 1.73%), and Ghana (EGR = 6.69%, CGR = 5.07%) as reported by FAO in 2025.
These findings suggest that Nigeria's pineapple production lags behind several other
African countries. It also implies that countries like Ghana and Egypt have adopted
advanced technologies in their pineapple production process, surpassing Nigeria in
terms of efficiency and output. Despite this, Nigeria's annual growth rate in yield
exceeded that of South Africa (EGR = -1.60%, CGR = -1.05%) and Congo (EGR =-0.20%,
CGR =-0.14%) (FAO, 2025).

During the period from 1961 to 1985, the growth rates of tomato yield exhibited a
marginal positive trend. The coefficient of variation (COV) and instability indices (CDI
and COI) of tomato yield were low, suggesting minimal fluctuations. However, from
1986 to 2023, there was a decline in tomato yield with an EGR of -2.99% and CGR of -
2.75%, along with moderate instability indices. The negative trend persisted in the
aggregate data, with estimated EGR and CGR of -1.59% and -1.63% respectively, and
moderate instability indices. These findings indicate a declining trend in tomato yield in
Nigeria from 1961 to 2023. The findings indicate that the current technology being used
for tomato production in Nigeria is not sufficient to sustain production levels in the
present or future. The estimated yields are unable to meet domestic demand and do not
position the country competitively in Africa. For example, when compared to other
African countries from 1961 to 2023, Nigeria's performance lags behind Ghana (EGR:
0.87%, CGR: 0.71%), Cameroon (EGR: 2.24%, CGR: 2.51%), Congo (EGR: -1.00%, CGR: -
0.65%), Egypt (EGR: 2.11%, CGR: 1.65%), South Africa (EGR: 2.09%, CGR: 1.45%), and
Cote d’Ivoire (EGR: 0.005%, CGR: 0.068%) (FAO, 2025).

The growth rate trend for yield of other vegetable crops exhibited a consistent
positive growth from 1961 to 2023. A detailed analysis indicated that the annual growth
rate for yields of other vegetable crops was positive at 1.36% for EGR, and 1.01% for
CGR. The CDI and COI metrics indicated a low level of instability in the yield of other
vegetables. Interestingly, Nigeria demonstrated a superior performance in the
productivity of other vegetable crops compared to several African countries during this
period. For example, Nigeria's yield growth rate surpassed that of countries such as
Cameroun (EGR = 1.01%, CGR = 0.97%), Egypt (EGR = -2.20%, CGR = -1.50%), Congo
(EGR = 0.12%, CGR = 0.07%), South Africa (EGR = -0.30%, CGR = -0.33%) and Cote d’
Ivoire (EGR = 0.33, CGR = 0.28) according to data from the FAO in 2025. The results
correspond with the conclusions drawn in prior studies on various crops by Vanitha et
al,, (2021), Lalenpuii et al,, (2024), Sethi et al., (2024), Faye et al., (2023), Mathobo et al,,
(2024), Akpan etal,, (2024b), Akpan et al,, (2025a), and Akpan et al., (2025b).

3.3. Decomposition of Output of Vegetable Crops in Nigeria

The breakdown of vegetable outputs decomposition is detailed in Table 4. The
analysis highlights the key components influencing the total effect, including the area
effect, yield effect, and interaction effect. It was found that between the years 1961 and
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1985, the land area effect played a dominant role in driving variations in the total effect
of vegetable outputs. This suggests that the growth in vegetable production during this
time frame was primarily driven by the expansion of cultivable land rather than
improvements in technology or agricultural practices. Thus, it can be inferred that the
government prioritized increasing cultivable land through its various programs without
focusing on enhancing vegetable crop yields.

Table 4. Percentage decompositions of area, yield and their interaction effects on vegetable outputs in Nigeria.

1961 - 1985
Yield effect Area effect Interaction Total effect
(%) (%) effect (%)

Carrots & turnips 0.00 0.00 0.00 0.00
Chillies and peppers, dry 7.35 90.00 2.65 100.00
Chillies & peppers, green 11.66 80.77 7.57 100.00
Pineapple 44.74 46.87 8.39 100.00
Tomato 2.30 95.53 2.17 100.00
Other vegetables 0.95 98.57 0.48 100.00

1986 - 2023
Carrots & turnips 33.13 56.10 10.77 100.00
Chillies and peppers, dry 23.08 68.67 8.25 100.00
Chillies & peppers, green -236.66 409.25 -72.59 100.00
Pineapple 8.70 81.96 9.34 100.00
Tomato -6.73 307.84 -201.11 100.00
Other vegetables 19.09 43.71 37.20 100.00

1961 - 2023
Carrots & turnips 33.13 56.10 10.77 100.00
Chillies and peppers, dry 13.35 75.08 11.57 100.00
Chillies & peppers, green -7.49 116.15 -8.66 100.00
Pineapple 14.04 65.46 20.50 100.00
Tomato -3.13 290.86 -187.73 100.00
Other vegetables 11.69 46.93 41.38 100.00

Source: computed by authors.

During the time frame from 1986 to 2023, the dominance of the land area effect on
vegetable production was still evident. The area effect accounted for over 40.00% of the
total output in all specified vegetables, offsetting the negative impacts of interaction
effects on green chillies and pepper, and tomato enterprises.

An analogous discovery was noted in the combined data spanning from 1961 to 2023,
highlighting the significant influence of land area effect on vegetable crop production in
Nigeria. The analysis demonstrated that the land area effect accounted for more than
45.00% of the total impact, counteracting any negative effects from interactions,
particularly in tomato cultivation. These findings underscore the pivotal role of land
area in understanding variations in vegetable production across the country. The finding
has a serious implication for a sustainable vegetable production in the country. Giving
the rising rural population and associated land pressures, mounting soil degradation
and rural poverty in the country; continuous land expansion cannot yield sustainable
vegetable production in the long run.

Continuous land expansion would compromise the traditional farrow system,
intensify soil infertility and makes it more difficult for smallholder farmers to benefit
from yield gains offered by plant genetic improvement. The results corroborate Ochoche
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et al,, (2022), Ikuemonisan et al,, (2022), Adebayo (2023), Akpan et al., (2024b), Akpan
et al,, (2025a), and Akpan et al., (2025b).

4. Conclusion

The study examined trends, growth rates, and instability index linked to vegetable
crops production, harvested area, and yield in Nigeria spanning from 1961 to 2023. A
decomposition analysis was conducted to separate the total output effect into area
effect, yield effect, and interaction effect. The analysis was segmented into three distinct
sub-periods: 1961-1985, 1986-2023, and the complete period from 1961 to 2023. The
trend analysis revealed fluctuations in the output, harvested area, and yield of
vegetables across all sub-periods and the aggregated period. The calculated exponential
growth rate (EGR) and compound growth rate (CGR) for vegetable outputs and
harvested areas remained positive throughout the analysis period, indicating an
increase in these factors over time. In contrast, the CGR and EGR of green chillies and
pepper, and tomato exhibited decreasing trends. Conversely, other specified vegetables
such as carrot, turnips, dry chillies, pepper, and pineapple displayed an upward trend in
yield. The calculated Cuddy-Della Valle index (CDI) and Coppock Instability Index (COI)
for pineapple and other vegetables indicated a moderate level of instability, whereas the
tomato enterprise showed high instability. These results suggest that various initiatives
were implemented, leading to significant fluctuations in output and harvested areas of
these vegetables. However, when considering the yield component, most specified
vegetables had low instability levels except for tomatoes, which showed moderate
instability.

Decomposition analyses indicate that throughout various time periods from 1961 to
2023, the significant growth in total vegetable crop production in the country was
primarily driven by the expansion of land area rather than improvements in yield. This
suggests that the observed increases in vegetable crop production are largely attributed
to the increase in cultivable land, with yield and other factors playing a minor role. To
enhance yield performance and overall output, it is imperative for stakeholders within
the vegetable sub-sector to adopt advanced technologies and reduce their dependency
on land area expansion. By implementing additional initiatives, the sub-sector can
promote increased activity and cultivate a more sustainable approach towards
enhancing yield contributions. Also incorporating vegetable production into youth
development programs in the country is essential to promoting youth participation in
vegetable production. The utilization of hydroponic systems and greenhouses for
vegetable production is strongly encouraged, as these technologies can attract more
young people to engage in vegetable production. Additionally, enhancing access to high-
quality planting materials, financial assistance, and land for vegetable farmers can
significantly boost activities within the sub-sector and enhance yields.
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ARTICLE INFO ABSTRACT

Article history: This research study focused on optimizing the output of rice farmers in Niger and Nasarawa States, Nigeria. The study
Received 03.04.2025 collected primary data from 180 rice farmers utilizing structured questionnaires. The specific objectives of the study
Accepted 20.05.2025 were to describe the farm specific and farmers features of rice production, optimize and determine the input factors

Available online 20.06.2025 (farm size, labour, fertilizer, agrochemicals, seeds) affecting output of rice producers, evaluate the socio-economic
factors affecting the technical inefficiency of rice producers and determine the technical efficiency scores of rice
producers. The analytical tools used to achieve the objectives were stochastic production efficiency frontier model
(SPEFM), return to scale (RTS), elasticity of production model (EP) and t-Test of difference between means. The

Keywords: findings revealed that rice production generates profits and demonstrated a substantial financial difference between
Optimizing cost and returns. Production elasticity showed a positive result for all farm inputs including farm size, labour,
Output fertilizers, agrochemicals and seeds and as a result, these inputs boost output levels. A proportional increase in input
Rice producers resources results in more than a proportional increase in output at a return to scale ratio of 1.020 in the rice farming
Stochastic production operation. The analysis reveals that farm size with combined seeds and fertilizers stands as the significant and primary
Frontier production factors for rice but actual production efficiency depends mainly on the education level, farm experience

and cooperative standing of the producers. Rice productivity will increase through better access to productive inputs
combined with available land improvements and financial assistance. The paper suggests policy solutions which
support both efficient resource management and technical training initiatives to enhance farmers' output levels.

Return to scale
Nigeria

Nijerya'min Nijer ve Nasarawa eyaletlerindeki piring¢ ciftcilerinin turetiminin
optimize edilmesi
MAKALE BiLGisi ~ OZET

Makale Gegmisi: Bu arastirma ¢alismasi, Nijerya'nin Nijer ve Nassarawa eyaletlerindeki piring ciftcilerinin ¢iktilarin1 optimize etmeye
Gelis 03.04.205 odaklanmigtir. Calisma, yapilandirilmis anketler kullanarak 180 piring giftcisinden birincil veri toplamistir.
Kabul 20.05.2025 Calismanin 6zel hedefleri, piring iiretiminin ciftliklere 6zgii ve ciftcilere 6zgii 6zelliklerini tanmimlamak, piring

ireticilerinin ¢iktisini etkileyen girdi faktorlerini (giftlik biiytikligli, emek, giibre, tarim kimyasallari, tohumlar)
optimize etmek ve belirlemek, piring ireticilerinin teknik yetersizligini etkileyen sosyo-ekonomik faktorleri
degerlendirmek ve piring treticilerinin teknik verimlilik puanlarin belirlemekti. Amaglara ulagmak igin kullanilan

Cevrimici mevcut 20.06.2025

analitik araglar, stokastik iiretim verimliligi sinir modeli (SPEFM), 6lcege gére getiri (RTS), liretim modelinin esnekligi
(EP) ve ortalamalar arasindaki farkin t-Testi idi. Bulgular, piring iiretiminin kar getirdigini ve maliyet ile getiriler

Anahtar Kelimeler: arasinda énemli bir finansal fark oldugunu ortaya koydu. Uretim esnekligi, ciftlik bilyiikligii, emek, giibre, tarim
Optimizasyon kimyasallar1 ve tohumlar dahil olmak iizere tiim ¢iftlik girdileri icin pozitif bir sonug¢ gésterdi ve sonug olarak bu
ikt girdiler ¢ikt1 seviyelerini artirdl. Piring ¢iftgiligi isletmesinde girdi kaynaklarindaki orantili bir artis, 1,020'lik dlgek

Piring tireticileri
Stokastik liretim sinir1
Olgege doniis

Nijerya.

getirisi oraninda ¢iktida orantilidan daha fazla bir artisla sonuglanmaktadir. Analiz, kombine tohum ve giibrelerle
¢iftlik boyutunun piring igin énemli ve birincil tiretim faktorleri oldugunu ancak gergek tretim verimliliginin esas
olarak egitim diizeyine, ¢iftlik deneyimine ve iireticilerin kooperatif statiisiine bagli oldugunu ortaya koymaktadir.
Piring verimliligi, mevcut arazi iyilestirmeleri ve mali yardimla birlestirilmis tiretken girdilere daha iyi erisim yoluyla
artacaktir. Makale, ciftcilerin ¢ikti seviyelerini artirmak i¢in hem verimli kaynak yonetimini hem de teknik egitim
girisimlerini destekleyen politika ¢éziimleri 6nermektedir.
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1.Introduction

Rice (Oryza sativa L.) is a fundamental food in Nigeria. Its production massively
supports national food security, while creating jobs and facilitating economic
advancement (FAO, 2022). Rice is one of the dominant staple foods in Nigeria and the
nationwide demand has surged because of fast population expansion and changing
dietary choices and the effects of urban development (Mohammed et al. 2019). Despite
its position as a leading rice producer across Africa local supply has failed to meet
consumption needs, so the nation imports rice extensively at high prices (Abbas et al,
2018). Enhancing rice production in domestic operations has become essential for
Niger and Nasarawa and other major producing states. These states maintain beneficial
rice cultivation environments yet their agricultural efficiency remains low along with
unacceptable yield (Merem et al.,, 2017).

The Nigerian government keeps advancing programs such as the Anchor Borrowers’
Program (ABP) together with the Presidential Fertilizer Initiative (PFI) as well as
import restrictions to enhance rice production (CBN, 2021). Rice production has
received minor improvements from government initiatives but numerous farmers
maintain ineffective resource use and poor output combined with performance
barriers (Okodua, 2017). These interventions succeed according to the extent farmers
can enhance their input optimization and increase productivity efficiency. The main
obstacle for rice farmers involves suboptimal utilization of farm size, labor force and
fertilizers, agrochemicals and seeds. The effective use of farming inputs by farmers
directly affects both their output production levels and their profitability. Rice farmers
who operate small agricultural farms in Nigeria struggle to access contemporary
agricultural tools and quality agricultural products, while lacking sufficient funds
which decreases their ability to effectively employ existing resources (Obianefo et al,,
2023). To determine the elasticity of production and return to scale, it is essential to
evaluate how each input influences rice output. By enhancing how farmers manage
their resources they achieve better yield levels and financial success (Izekor &
Alufohai, 2014). The technical inefficiencies of rice production stem from numerous
socio-economic factors including the education level, experience in farming, availability
of credits, quality of extension services and market connections (Adejoh et al.,, 2018).
High technical efficiency enables farmers to generate more production from their
current input resources than farmers with lower efficiency levels. Few studies have
investigated the relationship between socio-economic factors and technical inefficiency
in Niger and Nassarawa States. It is essential to detect inefficiencies in rice farming
along with their root causes in order to create specific intervention methods that will
both enhance farmer output and boost the rice sector's productivity.

Rice farmers in Nigeria face numerous difficulties, which restrict their ability to
maximize production. Nigerian rice producers face challenging circumstances marked
by expensive operation costs along with minimal investment returns combined with
unsatisfactory technical efficiency that restrains their output and financial returns
(FAO, 2022). Research on rice output maximization in these specific states of Nigeria
exists as a critical knowledge gap. The research has a crucial deficit due to the absence
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of thorough assessment for key production input elasticity. Numerous research studies
have studied individual input effects such as fertilizers and agrochemicals yet they fail
to provide a complete analysis of farm size, labor, fertilizers, agrochemicals and seed
interactions on rice output (Bello et al, 2021). Researchers have not established
empirical evidence about how efficient rice farmers currently operate in Nigeria.
Policymakers together with stakeholders face challenges when developing efficient
rice production strategies because they lack full understanding of key influencing
factors. These states lack comprehensive research which explores the relationship
between socio-economic factors and technical inefficiency of their rice farming sector.
Research on how socio-economic determinants including agricultural credit
accessibility and agricultural education levels alongside extension service availability
affect the resource efficiency of farmers needs further exploration despite other
studies’ lack of discussion on this subject (Ukwuaba et al., 2020). The improvement of
knowledge about technical efficiency deficits enables better policy development which
enhances productivity and livelihoods of rice farmers.

1.1 Research Questions
This research proffer answers to the under-listed research questions:
(i) What is the farm-specific and farmers’ features of rice producers?
(ii) What are the optimum and determinant factors (farm size, labour, fertilizers,
agrochemicals, seeds) affecting output of rice producers?
(iii) What are the socio-economic factors affecting the technical inefficiency of rice
production?
(iv) What are the technical efficiency scores of rice producers?
1.2 Objectives of the Study
The main aim of the investigation focused on optimizing the output of rice farmers
in Niger and Nasarawa States, Nigeria. The specific objectives were:
(i) describe the farm specific and socio-economic’ features of rice producers,
(ii) optimize and determine the input factors (farm size, labour, fertilizers,
agrochemicals, seeds) affecting output of rice producers,
(iii) evaluate the socio-economic factors affecting the technical inefficiency of rice
producers,
(iv) determine the technical efficiency scores of rice producers.
1.3 Hypotheses of the Study
This study was guided by the following null-hypotheses:
(i) Rice production is not profitable
(ii) The coefficient of elasticity of production for each input is not greater than zero
(iii) The return to scale is not greater than zero.
(iv) There are no significant input factors (farm size, labour, fertilizers,
agrochemicals, seeds)
affecting output of rice producers
(v) There are no significant socio-economic factors affecting technical inefficiency
of rice production.
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2. Materials and Methods

This study was carried out in Niger and Nasarawa States, Nigeria. The study selected
the two states because they are predominantly known for rice farming in the Northern
region, Nigeria. The two states were chosen due to their favorable climate for the crop
and better irrigation systems to support all year farming. A multi-stage sampling
approach was utilized. A multi-stage sampling approach was utilized because of a
variety of reasons, such as time efficiency, cost reduction, flexibility, and increase
reliability. In the first stage, two states were purposively selected being known
predominantly for rice farming in the Northern region. In the second stage, three local
government areas were randomly selected in each state. In the third stage, three
villages for each local government area were randomly selected making a total of
eighteen villages. In the fourth stage, a simple random sampling approach was used,
approximately ten rice producers were selected from each village making a total of 180
rice producers. The sample frame of rice producers approximately 327 respondents.
The total sample number consists of 90 rice producers selected each from the two
states, respectively. Primary data of cross-sectional sources were used based on a well-
planned questionnaire that was subjected to reliability and validity test. The
questionnaire was validated by the team of professional experts and appropriate
reliability test was carried out. The questionnaire was pre-tested on selected rice
growers to evaluate the appropriateness of the design, clarity, and relevance of the
questions. The appropriate corrections were made on the pre-tested questionnaire in
order to capture the relevant information required to achieve the objectives of the
study, questions that proved vague or ambiguous, attracted additional corrections on
the questionnaire to ensure its appropriateness, and reliability. The result of the pre-
test was collated and subjected to reliability test using Pearson product moment
correlation analysis. The correlation coefficient of 0.91 (91%) shows that there was a
strong degree of correlation between the variables tested. The Cronbach’s alpha
coefficient for the variables was 0.828 (82.8%), suggesting that the factors included in
the research instrument had relatively high internal consistency and highly reliable for
the analysis. This sample number was estimated based on the established formula of

Yamane (1967) as follows:

N 327

n= 1+N(62) = 1+327(0.05)2 = 180 ..................... (1)

Where,

n = The Sample Number

N =The Complete Number of Rice Growers

e=5%

The data obtained were analyzed using descriptive statistics, and stochastic production
frontier model.

2.1 The SPEFM (Stochastic Production Efficiency Frontier Model)

According to Alabi et al. (2022), the SPEFM is stated thus:
Y, = f(Xi, Be” (2)
LnY;=Ln By + X3, Bi LnX; + (v; — ;) (3)
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F X,:, exp(v;—u;
Thij = ;(X[j,)l?):);p(vi) )
TE;j = exp(—uij)
where,
Y; = Output of Rice (Kg)
Y;" = Unobserved Frontier Output of Rice (Kg)

X; = Inputs
Bi = Vectors of Estimated Parameters

V; = Random Errors
U;= Error Term as a result of TIE (Technical Inefficiency)
X, = Farm Sizes (ha)

X, = Labour (Mandays)

X3 = Fertilizers (Kg)

X4 = Agrochemicals (Litre)

X5 = Seeds (Kg)

Ui =ag+a1Z1 +ayZy + azZs + ayZy + asZs
(7)

where,

Z, = Age (Years)

Z, = Experience (Years)

Z3 = Education (Years)

Z, = Household Size (Number)

Zs = Cooperative Organization (Years)
ao = Constant Term

a, — a5 = Estimated Parameters

U;= Error Term due to TIE

2.2 Return to Scale (RTS) and Elasticity of Production (EP) Model

(4)
(5)
(6)

Elasticity of production (EP) is a measure of a farm success in yielding maximum
output from a given set of factors. The (Ep) and (RTS) was estimated following the

study of Alabi et al. (2022) as:-

a X . _
Pxi _6_Xi ' ?,l = 1,2k
i=1Ep,, = RTS
Where;

X = Mean of Inputs (Units)
Y = Mean of Output (Units)

Esz' = Elasticity of Production of Input x;
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K. Ep, = Return to Scale i.e Sum of Elasticity of Production
l

2.3 The t-Test of Difference Between Means
This is stated thus:

X1-X;

2 2
51,52
ny nz

Where,

(10)

X,= Mean of Values in Group 1

X,= Mean of Values in Group 2
s?,s2 = Standard Deviation in Group 1 and Group 2
n;n,= Number of Observation in Group 1 and Group 2

3.Results and Discussion

3.1 The Continuous Variables of Farm-Specific and Farmers Features of Rice
Producers
Table 1 below shows the continuous variables farm-specific and socio-economic

features of rice producers. The average age of the rice farmers approximately 46 years,
having a standard deviation (SD) of 7.23. This suggested that most of the farmers were
middle aged. The result is in consonance with the findings of Kadiri et al. (2014) who
indicated that middle age farmers were the most prominent in rice farming in Nigeria
as a result of their physical strength and experience. This is in line with studies of
Oluleye et al. (2022) and Oluleye et al. (2024) who obtained an average age of 45 and
39 years among farmers in Nasarawa and Kaduna States, Nigeria, respectively. The
average farming experience of the rice farming was 11 years, having a standard
deviation (SD) of 4.98. This suggested that most farmers had some level of experience
on rice production. This outcome is in consonance with the findings of Bala et al.
(2020) who noted that farmers having longer experience are likely to adopt new
farming techniques to improve and optimize production. The studies of Oluleye et al.
(2022) and Oluleye et al. (2024) noted that the average farming experiences were 10
and 7 years among farmers in Nasarawa and Kaduna States, Nigeria, respectively. The
average size of the farm was 1.27 hectares, with a standard deviation (SD) of 0.64. This
implies that most of the rice farmers cultivated on a small-scale farm land. This finding
is in the line with the results of FAO (2020) who reported that majority of Nigeria rice
output is produced by small-scale farmers. Productivity of rice production is low
because these small farms may limit economies of scale and mechanization. The
average level of education of the rice farmers was 12 years, having a standard
deviation (SD) of 2.97. The study indicated that the farmers have completed secondary
school education. This study is in line with the findings of Esiobu (2020) who noted
that the level of education attained by the farmer is sufficient for them to access and
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interpret agricultural information and adopt new practices to optimize their
production. The average household size of the farmers approximately 9 persons,
having a standard deviation (SD) of 2.07. This suggest that a large household size and
family labour will be grossly utilize as the means of labour to reduce cost but by
implication, household consumption pressure will increase thereby affecting savings
and reinvestment in farming (Edeoghon, 2017). The average rice yield was estimated
at 2 tons per hectare, indicating that production may be below optimal. This could be
as a result of some constraints such as limited access to input, climate change as stated
in a similar study by Kamai et al. (2020).

Table 1. The Continuous Variables of Farm-Specific and Socio-Economic Features of Rice Producers

Variables Unit of Measurement X; SD

Age Years 46 7.23
Farming Experience Years 11 4.98
Farm Size Hectares 1.27 0.64
Education Years 12 2.97
Household Size Number 9 2.07
Output Kilograms per Hectare 2 0.70

Source: Field Survey (2024)

3.2 The Descriptive Analysis of Categorical Variables of Farmers Characteristics
among Rice Producers

Table 2 shows the categorical variables of rice farmers characteristics in Niger and
Nasarawa States, Nigeria. The results demonstrate that male respondents represent
the largest group accounting for 81.66% among all respondents, while the female
participants constitute 18.34% of the total respondent. A previous study by Mwalyagile
et al. (2024) validates how Nigerian rice farming shows male domination because men
both own land and need to perform physically demanding work. Although women
participate at lower rates, they are still crucial for processing after harvest and
marketing activities.

Among the respondents, 88.33% are married individuals followed by 11.67% who
are single. Married farmers gain additional labor support from their household
members which enables them to carry out their ongoing farm work (Tijani et al., 2010).
A large proportion of 70.56% within the sample population belongs to cooperatives
but 29.44% of the respondents do not have cooperative membership. The rice farmers
that actively belong cooperative societies benefit from it because it improves their
ability to obtain financial support and vital agricultural materials in addition to
operational support (Lin et al, 2022). The combined power of cooperative
membership enables participants to gain better income and crop yields through group
negotiation and exchange of agricultural information.

Table 2. The Categorical Variables of Rice Farmers Features

Farmers Characteristics Frequency Percentages
Sex
(a) Male 147 81.66
(b) Female 33 18.34
Marital Status
(@) Married 159 88.33
(b) Single 21 11.67
Members of Cooperatives
(@) Yes 127 70.56
(b) No 53 29.44
Total 180 100.00

Source: Field Survey (2024).
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3.3 The Factors Influencing the Output and Technical Inefficiency of Rice Producers
Table 3 below shows the maximum likelihood estimates using stochastic production

frontier. The result shows a positive correlation between farm size and rice output
since the coefficient value is 0.2460 and the statistical significance level reaches below
0.01. The results support previous findings which showed that expanding farm sizes
leads to increased productivity through advantages of scale (Omotilewa et al., 2021).
Labor input deficiencies do not drive changes in rice output levels because the labor
variable (0.2309, p>0.05) has no statistically significant effect on rice production
results. The findings suggested that there was a broad use of manual labor techniques
because the output was low compared to mechanized techniques. The study also
revealed that productivity will increase when farmers use more fertilizer according to
statistical analysis with a value of 0.2035 at p<0.05. The study findings confirm
previous research by Eze et al. (2020) that shows adequate fertilizer application as a
key factor in promoting rice yield improvement. The lack of significance in
agrochemical variables (0.1539, p>0.05) indicates these inputs do not substantially
affect output since improper applications alongside resistance problems may be
evident. The coefficient value of high-quality seeds was 0.1857 at p<0.05, suggested
that it has a significant impact of rice output. In a report by FAO (2020), it was
indicated that implementing better seed varieties leads to raised productivity within
climate-smart agricultural systems which is supported by this study. The measured
return to scale value of 1.020 revealed that rice farmers in the research location
operate with increasing returns to scale thereby generating more than output
expansion from proportionately raising all input resources. The socio-economic factors
(experience and education) decrease technical inefficiency of rice production at 1%
alpha level. The institutional factor (cooperative) decrease technical inefficiency of rice
production at 1% alpha level. This implies that a one-unit increase in experience and
education of rice farmers, while keeping all other predictors constant will give rise to
0.2207 and 0.2581 units increase in technical efficiency of rice producers. Similarly, a
one-unit increase in cooperative membership, while keeping all other predictors fixed
will give rise to 0.2751-unit decrease in technical inefficiency of rice production.

In the diagnostic statistics section, the coefficient of variance ratio(y) also termed
gamma was estimated at 0.8001, this connotes that 80.01% variations of rice output
from frontier (potential) output was as a result of technical inefficiency, while the
balance 19.99% of rice output deviation from the potential level was due to random
noises such as frost, unexpected rainfall, and other natural disaster outside the control
of rice growers. Therefore, reducing the extent of the effect of variance or gamma ratio
will enhance the rice output and greatly improve the productivity of the producers.
The coefficient of total variance (62) also termed sigma square was evaluated at
3.3465, which is statistically different from zero at 1% alpha level. This hypothesized
that perfect goodness of data conform with the Cobb-Douglas stochastic frontier model
and the assumptions of the composite error term was correctly specified. The LLF
(Log-Likelihood function) was estimated at -821.46. The finding is supported with
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outcomes of Asfaw (2021) who reported the estimated Sigma-squared of 0.57, and
gamma value of 0.89 among tomato producers in Ethiopia.

Table 3. Maximum Likelihood Estimates Using Stochastic Production Frontier

Variables Coef Std. Er. P-value
Farm Size 0.2460%** 0.0630 0.000
Labour 0.2309 0.2178 0.931
Fertilizer 0.2035** 0.0791 0.042
Agrochemicals 0.1539 0.1509 0.789
Seed 0.1857** 0.0709 0.047
Constant 2.5729%** 0.6126 0.000
RTS 1.020

Inefficiency Model

Age -0.2915 0.2674 0.945
Experience -0.2207*** 0.0515 0.000
Education -0.2581*** 0.0591 0.001
Household Size -0.2072 0.1954 0.972
Cooperatives -0.2751%** 0.0562 0.000
Diagnostic Statistics

52 3.3465%**

Gamma 0.8001

Log-Likelihood Function -821.46

Source: Field Survey (2024)
3.4 Technical Efficiency Scores of Rice Producers

The Table 4 below shows the technical efficiency (TE) scores evaluation of the rice
farmers' efficiency levels. The calculated mean technical efficiency scores reveal
farmers work with 71.67% efficient utilization of resources. Better resource utilization
and management strategies would allow farmers to boost their rice production by
28.33%. This is similar to the findings of Linn & Meanhout (2019). The evaluation
shows that almost half of the farmers (49%) maintain efficiency ratings above 0.81
which indicates high efficiency and another thirty-one percent (31%) demonstrates
moderate efficiency from 0.61 to 0.80. The necessity for specialized interventions to
enhance production efficiency exists since 5.56% of farmers perform under a 0.20
efficiency level. This results clearly indicates that government should implement
policies, giving priority to three areas: quality input distribution and educational
programs combined with farmer cooperatives to boost operational effectiveness.
Farmer production processes receive additional support when agricultural extension
services operate through investments.

Table 4. Technical Efficiency Scores of Rice Producers.

Technical Efficiency Scores Frequency Percentage
0.0 -0.20 10 05.56
0.21-0.40 16 08.89
0.41-0.60 35 19.44
0.61-0.80 31 17.22
0.81-1.00 8 48.89
Minimum 0.0158

Maximum 0.9810

Mean TE 0.7167

Source: Field Survey (2024)

3.5 The Return to Scale (RTS) and Elasticity of Production (EP) among Rice
Producers

Table 5 below shows the Elasticity of Production (EP) of factor inputs and Return to
Scale (RTS). Rice farmers in the study area show increasing returns to scale because
their elasticities sum up to 1.020. Every proportional increase in all inputs results in
more than proportional increase of output. Farm size had the highest elasticity value of
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0.2460 at a significant level of 0.01, suggesting the most impact by any other input.
This indicates that land expansion proves to be a significant factor that increases
production levels. The finding of this study indicated that labor (0.2309, p>0.05) and
fertilizer (0.2035, p<0.05) increase rice output yet proper staff management and
precise fertilizer application remain crucial (Eze et al., 2020). The elasticity value for
agrochemicals (0.1539, p>0.05) is low because improper application methods and
below-optimal pesticide usage might restrict yield increase.

Table 5. Elasticity of Production (EP) of Factor Inputs and RTS (Return to Scale)

Elasticity(g,) Farm Size Labour Fertilizer Agrochemicals  Seed RTS= (¥&,)

Estimates 0.2460 0.2309 0.2035 0.1539 0.1857 1.020

Source: Field Survey (2024)

3.6 The t-Test of Differences between Cost and Returns
Table 6 below shows the outcome of t-test difference between costs and returns.

The results indicate that: the average cost per farmer equals ¥692,780.93. The research
also shows farmers earn an average of §1,417,954.41 in revenue (returns) per person.
The standard deviation of cost equals ¥313,992.66. The standard deviation of returns
equals ¥899,787.75. The t-test statistics computed a t-value of 16.60 which exceeds the
critical 1.96 value from the t-table at a 5% significance level thus proving the two
variables differ significantly. Evidence from the study indicates that rice farmers
achieve profitable earnings because their revenue exceeds their production costs by a
substantial margin. Nwahia (2020) reached identical findings to the study which
reveals rice farming profits when farmers use their resources wisely. The profitability
data urges governments to implement policies which improve both input access and
cost reduction efficiency and effective financial management measures to maximize
profits in rice farming operations.

Table 6. t-Test of Difference Between Costs and Returns

Variable Estimates (Number)
Costs (Naira) 692,780.93

Returns (Naira) 1,417,954.41
Standard Deviation Cost 313,992.66
Standard Deviation Returns 899,787.75
t-Calculated 16.60

t-Table 1.96

Source: Field Survey (2024)

4. Conclusion

This investigation focused on optimizing the output of rice farmers in Niger and
Nasarawa States, Nigeria. A multi-stage sampling approach was utilized to select 200
rice growers. The following conclusions were made based on study hypotheses:

Rice production is not profitable

The hypothesis that rice production is not profitable is rejected. The findings from t-
test analysis established a statistically important distinction between expenses and
income of rice cultivation. The values from rice farming revenue exceed all production
expenses effectively demonstrating economic feasibility in the study area.

The coefficient of elasticity of production for each input is not greater than zero
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The hypothesis that the coefficient of elasticity of production for each input is not
greater than zero is rejected. The result revealed that all production variables including
farm size and the use of labor and fertilizers and agrochemicals and seeds produce
positive effects on rice farming yield.

The return to scale is not greater than zero.

The hypothesis that the return of scale is not greater than zero is rejected. The
calculated return to scale of 1.020 indicates farmers in the rice cultivation zone
function beneath increase returns to scale because they achieve more than output
growth from equal input proportion increases.

There are no significant input factors (farm size, labour, fertilizers, agrochemicals,
seeds) affecting output of rice producers

The hypothesis that there are no significant input factors (farm size, labour,
fertilizers, agrochemicals, seeds) affecting output of rice producers is rejected. The
study analysis found that farm size and labor and fertilizers and seeds function as
fundamental factors in shaping rice output production where farm size demonstrates
maximum elasticity rate. Increased land distribution together with ample input
resources have the power to greatly improve rice yield levels.

There are no significant socio-economic factors affecting technical inefficiency of rice
production.

The hypothesis that there are no significant socio-economic factors affecting
technical inefficiency of production is rejected. The results give concrete evidence that
factors including education level and farming experience as well as cooperative
associations strongly affect rice farmer.
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Bu calismada, gastronomi ve gida alaninda sifir attk kavrami tizerine DergiPark veri tabaninda
yayimlanmis makale ¢alismalarinin, bibliyometrik analiz yontemi ile kapsamli bir sekilde incelenmesi
amaglanmistir. Arastirma i¢in 2019-2025 yillarini kapsayan son 7 yilda yayimlanmis makale ¢alismalari
kullanilmigtir. Gastronomi, gida ve sifir atik kavramlari iizerine gelismis arama yapilip ¢ikan 1386 makale
tizerinden 1373 tanesi degerlendirmeye alinmistir. Arastirma kapsaminda belirlenen 1373 makale
calismasi, Microsoft Excel ve EksiVeri uygulamalari iizerinden analiz edilerek sonuglar sekil olarak
bulgularda sunulmustur. Elde edilen bulgular, sifir atik uygulamalarinin gastronomi ve gida sektoriinde
giderek artan bir 6neme sahip oldugunu gostermektedir. Caligmalarin sayisinda belirgin bir artis
gozlenmis, 6zellikle 2021 ve 2023 yillarinda en yiiksek seviyelere ulagtigi goriilmiistiir. En sik kullanilan
atik”, “stirdirilebilirlik” ve “giivenlik” olmustur. Ayrica, gida
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anahtar kelimeler, “gida”, “gastronomi”,
israfin1 6nleme, atiklarin geri doénistiiriilmesi ve siirdiiriilebilir restoran uygulamalar1 gibi konularin
akademik ilgi gordiigii belirlenmistir. Bu arastirma sonuglari ile konu tzerinde gelecekte yapilacak
calismalarin hangi kriterler dogrultusunda hazirlanmasi gerektigini gostererek, arastirma yapacak
yazarlara kaynak sunulmustur. Sifir atik kavraminin gastronomi ve gida alanindaki 6nemi vurgulanarak,
konunun daha detayl ele alinmasi saglanmigtir.

Bibliometric analysis of articles on zero waste in the field of gastronomy and food
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ABSTRACT

This study aims to conduct a comprehensive bibliometric analysis of zero waste-themed articles published
in the field of gastronomy and food within the DergiPark database. The research covers the last seven
years (2019-2025) and includes a refined selection of 1373 articles from an initial set of 1386 results,
obtained through advanced keyword searches using terms such as “gastronomy,” “food,” and “zero waste.”
The data were analyzed using Microsoft Excel and the EksiVeri application, and findings were presented in
graphical form. The results indicate a growing academic interest in zero waste practices within the
gastronomy and food sectors, with a significant increase in publication volume, particularly in 2021 and
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2023. The most frequently used keywords include “food,” “gastronomy,” “waste,” “sustainability,” and
“safety.” Topics such as food waste reduction, recycling practices, and sustainable restaurant operations
have attracted considerable scholarly attention. The study highlights key criteria for future research and
offers valuable insights for researchers by emphasizing the increasing importance of the zero waste

concept in the gastronomy and food fields.
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1. Giris

Diinyadaki niifusa bagh olarak gelisen tiiketim siirekli artis gostermektedir. Bunun
beraberinde getirdigi atik kavrami ise bircok iilkenin ortak sorunu haline gelmis, kiiresel
bir problem niteligi tasimaktadir. Atik, israflarin yol ac¢tigi cevresel etkiler, dogal
kaynaklarin tiikenmesi ve dolaysiyla sera gazi emisyonlarinin artisina kadar oldukga
genis bir alanda sorun tegkil etmektedir. Diinya genelinde her y1l tonlarca tirlinlerin israf
edilmesi, cevresel zararlar ve ekonomik kayiplara neden olmaktadir (Altuntop ve ark.,
2014). Atk kavram lizerinde diinyada bircok calisma yapilmaktadir. Devletler bu
durumla ilgili yaptirnmlar ve cgesitli politikalar izlemektedir. Tlrkiye'de de atik sorunu
biiyiik bir sorun tegkil etmekte oldugu i¢in bu durumla ilgili bir¢ok c¢alisma
gerceklestirilmistir. 2017 yilinda Cevre ve Sehircilik Bakanligi tarafindan Sifir Atik
projesi baslatilmis olup, projenin baslatildig1 “2017 yilindan 2024 yili sonuna kadar 32,5
milyon ton kagit-karton, 9,1 milyon ton plastik, 3,1 milyon ton cam, 6,4 milyon ton metal ve
23,4 milyon ton organik ve diger geri kazanilabilir atiklar olmak lizere toplamda yaklasik
74,5 milyon ton geri kazanilabilir atik, kurumdan lisans almis isletmelerce islenerek
ekonomiye kazandinldigr” bildirilmistir (Cevre, Sehircilik ve Iklim Degisikligi Bakanhg,
2025; Selcuk, 2022). Sifir atik projesi; israfi azaltmak, kaynaklarin verimli kullanilmasini
saglamak, olusan atiklarin azaltilmasi ve yeniden kullanilmasi i¢in olusturulmaktadir.
Bir tirlinilin atik olarak nitelendirilebilmesi i¢in o {iriiniin artik kullanilmayacak durumda
olmasi gerekmektedir (Cevre ve Sehircilik Bakanligi, 2012).

Sifir atik, siirdirtlebilirlik kavraminin 6zellikle ¢evresel boyutuna 6nemli katkilar
saglamaktadir (Dal ve Akgay, 2021). Sifir atik yaklasimi sayesinde, atiklarin gevreye
zarar verme oranlar1 diisiis saglamaktadir. Ayn1 zamanda dogal kaynaklarin korunmasi
ve ekonomik kazan¢ saglanmasi, kazandirdigi avantajlar arasinda sayilmaktadir.
Bununla birlikte, sifir atik uygulamalan ile karbon ayak izinin azaltilmasi, biyolojik
cesitliligin korunmasi ve enerji tasarrufu gibi siirdiirilebilirlik hedeflerine dogrudan
katki saglanmaktadir (Ozdil ve Cirak, 2024). Siirdiiriilebilirlik ve sifir atik arasindaki
iliski, ozellikle gida atiklarn gibi organik atiklarin ydnetimi konusunda
belirginlesmektedir. Sifir atik uygulamalari, bu atiklarin kompostlama yoluyla topraga
kazandirilmasin1 saglayarak hem cevresel hem de ekonomik faydalar olusturmaktadir
(Yavas ve Pehlivan, 2023). Sifir atik, siirduriilebilirligin uygulanabilir sekli olarak
degerlendirilmektedir. Atiklarin geri donlsim ve yeniden kullanim seklinde
degerlendirilmesi ile dogal kaynaklarin etkin kullanimin1 desteklemekte, cevresel
zararlar ile israfin 6nlenmesine ve bdylece siirdiiriilebilirlige biiylik ol¢lide avantajlar
saglamaktadir (Apak ve Giirbiiz, 2022).

Gastronomi, insanlik tarihi boyunca gelisim gostermis, birgok disiplini iginde
barindiran; yemek kiiltiirii, yemek bilimi ve sanatla beraber nitelendirilmis bir bilim dah
olarak tanimlanmaktadir (Oney, 2016). Gastronomi kavrami, etimolojik olarak ele
alindiginda, Yunancada mide “gastros” ve yasa “nomos” kelimelerin birlesmesiyle
tiiretilmistir. Gastronomi kavrami tarihsel acidan incelendiginde ise MO 4. yiizyilda,
Archestratus tarafindan yazilan "Gastronomia" adli kitapta gastronomi teriminin
kullanildigi, donemin yemek kiiltiirii ve beslenme aliskanliklariyla ilgili bilgi verilmis
oldugu bilinmektedir (Sat ve ark., 2024). Gastronomi, gidalarin hazirlanmasindan
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baslayarak, pisirilmesi, sunumu ve tiiketilmesine kadar olan siireci kapsamaktadir.
Gastronomi, ayn1 zamanda gidalarin kimyasal yapisini ve pisirme tekniklerini inceleyen
bilimsel bir yaklasimi icermektedir. Bu dogrultuda gastronomi fizik, kimya, biyoloji ve
tarih gibi ¢esitli disiplinlerle de etkilesim halinde bulunarak gidalarin farkli agidan
ozelliklerinin anlasilmasina katki saglamaktadir (Sarusik ve Arbay, 2015).

Gastronomi, giiniimiizde beslenme bilimi, kiiltiirel miras, turizm, siirdiirtulebilirlik ve
cevresel duyarlilik gibi pek ¢ok farkli boyutlar1 biinyesinde barindirmaktadir ve siirekli
gelisim gostermektedir (Macit ve Kiran, 2022). Gastronomi sektoriinde 6zellikle dogal
kaynaklar asir1 kullanilmaktadir. Bu kaynaklarin kullanimina bagli olarak olusan atiklar,
cevresel sorunlar1 beraberinde getirmektedir.

Sifir atik yaklasimi, gastronomi alanini da oldukga ilgilendirmektedir. Gastronomi
alany; besinlerin hazirlanmasi, sunulmasi ve tiiketilmesine kadar gerceklesen siiregleri
icinde bulundurmanin yani sira gastronominin c¢evresel, kiiltirel ve ekonomik
boyutlarin1 da dogrudan etkilemektedir (Giil ve Yaman, 2021). Sifir atik kavraminin 6n
plana ¢ikmasi ile gastronomi sektoriinde atiklarin yonetimi, kaynaklarin verimli
kullanimini ve gida israfinin o6nlenmesini iceren uygulamalar stirdurilebilirlik
baglaminda 6nemlilik arz etmektedir (Bilgili, 2021).

Bu calismada, birbiriyle iliskili olan gastronomi ve sifir atik konusu ele alinip,
literatlirde yer alan ilgili calismalarin sistematik degerlendirilmesi i¢in bibliyometrik
analiz ve dokiiman analizi yontemleri uygulanarak konunun derinlemesine incelenmesi
ve gelecek calismalara bakis agisi kazandirmak amaglanmistir.

2. Kavramsal Cerceve
2.1. Sifir Auk Kavrami

Sifir atik kavramina yakin diistincelerden ilk olarak 1800’lu yillarda bahsedilmistir
ancak sifir atik kavramini ilk kez kullanan ve “Zero Waste Systems” kurulusunu kuran
kisi 1973 yilinda Paul Palmer’dir. Sifir atik kavraminin kullanilmasina ragmen olusan
atiklarin zamanla daha da artmasi nedenli, atik problemleri kiiresel bir sorun haline
gelmis bulunmaktadir. Atik problemlerine ¢6ziim yolu bulunmasi icin c¢alismalar
ylriitiilmiis ve sonucunda Uluslararas1 Sifir Atk ittifaki (ZWIA), “Sifir Atik Giindemi”
olusturulmustur. (Bilgili, 2021).

Atiklar, tiirlerine gore siniflandirilmaktadir. Siniflandirilmalarina gére de bertaraf
etme yontemleri uygulanmaktadir. Bu yontemler yakma ve depolama seklinde
gerceklesmektedir (Salihoglu ve ark., 2018). Depolama yontemlerinden bir digeri olan
¢op depolama sahalarinda sularin disari ¢ikmasi ve olusan anaerobik ayristirmalar
sonucu metan gazini agiga ¢ikmaktadir. Metan gazini toplayabilen tesislerde elektrik
tiretilmektedir bu noktada avantaj saglamaktadir ancak uygulanan bu yontemler genel
olarak ekosisteme zarar vermekte, kiiresel 1sinma ve iklim degisikligi gibi olumsuz
durumlara neden olmaktadir (Bayram, 2016).

Bertaraf uygulamalarinin vermis oldugu zararlar1 azaltmak icin gelistirilen sifir atik
uygulamalarindan biri kompostlama yontemidir. Kompostlama yontemi hayvansal ve
bitkisel atiklar ile kentsel atiklarin bir kismini kapsayacak sekilde olusan atiklarin,
mikroorganizmalar tarafindan parcalanmasi ve ayristirilmasi islemi olarak
tanimlanmaktadir (Ekinci ve ark. 2021). Topraklardan ¢ikan tirtnlerin atik seklinde geri
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donlisime girmesi ve bunun kompostlama yodntemiyle giibreye dontistiiriip tekrar
topraga karismasi cevre i¢in oldukca 6nemli bir uygulama niteligi tasimaktadir. Ayni
zamanda sera gazi ve emiilsiyonlarini azaltmasi neticesinde ekosistemi korumaktadir.
Bunun yaninda yakma ve depolama uygulamalarinin azaltilmasi ve atiklarin yeniden
kullanilmasi, kompostlama yonteminin her alanda kullanilmaya baslanmasi biiyiik 6nem
tasimaktadir. Boylece c¢evre dostu, siirdiiriilebilirlik ve ekonomi baglamda faydalar
saglamaktadir (Akay ve Yilmaz, 2023). Sifir atik hiyerarsi modeli Sekil 1'de verilmistir.
Basamaklar, en ¢ok tercih edilmesi gerekenlerden baslayarak, en az tercih edilmesi
gereken uygulamalara dogru ilerlemektedir (Bilgili, 2021).

Atiklarin Yeniden Kullanimi

Geri Doniistiirme, Kompost

Kalintinin Yonetimi

k4

Sekil 1. Sifir Atik Hiyerarsisinin Gosterimi.
Kaynak: Bilgili, 2021’den tiiretilmistir.

Gida atiklary, kiiresel bir problem niteligi tasimaktadir. Bu dogrultuda gelistirilen atik
sorunu Uzerine ise cesitli kamu kurumlari, 6zel sektor ve kuruluslar, ilgili ¢6zim
yontemlerine yonelik c¢alismalar gerceklestirmektedir. Atiklarin geri kazanimi ve
toplumsal bilincin artirllmasi amaciyla yiriitilen c¢alismalar, gelecekte daha
surdiriilebilir bir yasam tarzi olusmasi olduk¢a 6nemli bir konu olarak goriilmektedir
(Ademoglu, 2021).

2.2. Diinya’da ve Tiirkiye’'de Sifir Atik Yonetim Sistemi

Sifir atik yonetim sistemi; kiiresel boyutta bir problem haline gelmis, cevre
sorunlarinin etkilerini azaltmay1 hedeflemistir. Sifir atik yonetim sistemi kisaca olusan
atiklarin azaltilmasi i¢cin uygulanan geri dontlisiim yontemlerini ve atiklarin yeniden
kullanim siireglerini kapsamaktadir. Ayn1 zamanda ¢evreye verilen zararlar1t minimuma
indirmek hedeflenmis, kapsaml bir sistem seklinde ytrttiilmektedir (Bilgili, 2021).

Diinya genelinde sifir atik yonetim sistemlerine 1900’lii yillarda baslanmis 2000°li
yillardan itibaren bircok iilkede benimsenmis sekilde yiiriitiilmektedir. Ayn1 zamanda
sifir atik sistemi ¢esitli uluslararasi girisimlerle desteklenmektedir. Buna 6rnek olarak;
2003 yihinda Uluslararas1 Sifir Atk Ittifakimin (ZWIA), sifir atik uygulamalarini
yayginlastirmak amacgh kurulmus olmasi ve bu kapsamda “Sifir Atik Gilindemi”
olusturulmasi verilebilmektedir. Yeni Zelanda, sifir atik zirvelerine ev sahipligi yaparak
bu kavramin kiiresel o6lcekte tanitilmasina oOnciiliik etmis ve bu konuyu oldukca
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6nemsemistir (Gul ve Yaman, 2021). 2018 yilinda ZWIA tarafindan yapilan agiklamalar
sonucunda sifir atik kavrami yeniden glindeme gelmis ve yeni tanimlamalar yapilmistir
(ZWIA, 2018). Eklenen tanim ile dogal kaynaklara veya trtinlere, dogaya zarar verecek
hi¢bir bertaraf yonteminin uygulanmamasi, geri doniistiirme islemleri ile korunmasi
seklinde tanimlama yapilmistir (Bilgili, 2021).

Avrupa Birligi tlkeleri, atik yonetim sistemiyle ilgili politikalarini sifir atikla
olusturduklar1 hedeflere gore yeniden sekillendirmistir. AB Dongiisel Ekonomi Eylem
Plani, sifir atik sisteminin bir pargasi olarak, atiklarin 6nlenmesi ve geri dénlisiim
oranlarinin artirilmasini 6ncelikli hedefler dogrultusunda belirtmis bulunmaktadir. Bu
baglamda, plastik kullaniminin azaltilmasi ve kompost edilebilir malzemelerin tesvik
edilmesi gibi uygulamalarin yayginlastirilmasi amag¢lanmaktadir (Misir ve Arikan, 2022).

Turkiye’'de sifir atik yonetim sistemi, Cevre ve Sehircilik Bakanlig1 tarafindan 2017
yiinda baslatilmis olup “Sifir Atik Projesi” ile resmi bir politika haline getirilmis
bulunmaktadir. Projenin temel amaci, atiklarin kaynaginda ayristirilmasi ve geri
donlsim oranlarinin artirilmasini saglamaktir. Bu proje ile geri doniisiim oranlarinin
artisi, plastik kullaniminin azaltilmasi ve organik atiklarin kompostlama yontemiyle
kullanilmasi gibi yapilan uygulamalar siirdiiriilebilir kalkinma hedeflerine 6nemli
katkilar sunmaktadir (Selguk, 2022). Ozellikle hastaneler, okullar, kamu kurumlari ve
toplu kullanim alanlarinda yani endiistriyel atiklarin yaygin oldugu alanlarda sifir atik
projeleri yayilim gostermektedir (Giil ve Yaman, 2021). Tirkiye, Sifir Atik Yonetmeligi
ile atik olusumunun 6nlenmesi, atiklarin kaynaginda ayristirilmasi, yeniden kullanimi ve
geri doniisiim siireclerinin etkin bir sekilde yiiriitiilmesini ama¢lamaktadir. Bunun igcin
Atik Getirme Merkezleri Yonetmeligi gibi diger diizenlemeler de sifir atik politikalarini
desteklemektedir. Bu yonetmelik, atiklarin ayristirilarak geri doniisim tesislerine
ulastirilmasini kolaylastirmak icin yerel yonetimlerin altyapi1 kurmasini ve atik toplama
merkezlerinin yayginlastirilmasini zorunlu hale getirmektedir (Cevre ve Sehircilik
Bakanligi, 2022). Tirkiye, sifir atik politikalari ile uluslararasi ¢evre koruma hedeflerine
onemli o6lciide katki saglamaktadir. Paris iklim Anlasmasi ve Birlesmis Milletler
Siirdiiriilebilir Kalkinma Hedefleri kapsaminda, ézellikle olan Sorumlu Uretim ve
Tulketim dogrultusunda gergeklesen sifir atik uygulamalari, stratejik olarak biiyiik 6nem
tasimaktadir. Ayrica, Avrupa Birligi'nin Dongiisel Ekonomi Eylem Plami ile uyumlu
calismalar yiiritilmektedir (Akay, 2020). Yerel yonetimler de sifir atik kapsaminda
gelistirilen politikalarin uygulanmasi agisindan oldukc¢a 6nemli gorevler tistlenmektedir.
Belediyelerin, atik yonetim sistemlerinin sehirlerde ve ilgelerde uygulanmasi i¢in halkin
bilin¢lendirilmesi, geri doniisim altyapisinin giiclendirilmesi ve mevzuatlara uygun
denetimler gergeklestirmesi gibi etkin gorevleri bulunmaktadir (Resmi Gazete, 2025).
2.3. Gastronomi Alaninda Sifir Atik Kavraminin Onemi

Gastronomi alaninda; iiretim, tiikketim ve tedarik asamalarinda olduk¢a fazla kaynak
kullanimi ve buna bagh olarak atik olusumu gergeklesmektedir. Sifir atik bu baglamda
gastronomi sektoriinde c¢evresel ve surdiirilebilirlik acisindan bilyiik avantajlar
saglamaktadir. Sifir atik uygulamalar o6zellikle mutfak atiklarinin kompost yontemi
uygulanarak degerlendirilmesi ve donistiirilebilir malzemeleri kullanimina tesvik
edilmesi gibi uygulamalarla somutlastirilabilmektedir (Sen ve ark., 2019).
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Gastronomi sektortii, gida Uretiminden tiiketimine kadar genis bir slireci kapsamasi
nedeniyle yliksek oranda gida israfina yol agmaktadir. Bu israf hem ekonomik kayiplara
neden olmakta hem de dogal ¢evreyi olumsuz etkilemektedir. Diinya genelinde her yil
yaklasik 1,3 milyar ton gida israf edilmektedir (FAO, 2019). Tiirkiye’de ise yilda yaklasik
26 milyon ton gida israf edilmekte olup, bu durum hem iilke ekonomisi hem de ¢evre
acisindan ciddi sorunlar dogurmaktadir (Direk ve ark., 2022). Gida israfi, yalnizca israf
edilen Uriinlerin maliyetinde olusan zararla sinirli kalmayip ayni zamanda iiretim ve
tedarik siireclerinde harcanan enerji, emek ve dogal kaynaklarin da bosa gitmesine
neden olmaktadir (Alintas, 2021). Ozellikle gastronomi isletmelerinde, menii planlama,
porsiyon kontrolii ve tedarik zinciri yonetimindeki eksiklikler, israf miktarlarini artiran
onemli faktorler olarak gosterilmektedir. Bu durum, isletmelerin maliyetlerini
artirmakta ve karlilik oranlarin1 olumsuz etkilemektedir (Tekiner ve ark. 2021). Gida
israfinin ekonomik etkileri, yalnizca isletmelerle sinirli kalmayip, ulusal diizeyde biiyiik
olciide etkilere neden olmaktadir. Israf edilen gidalarin tiretimi, tarim sektorii ve {iriin
pazarindaki maliyetlerin artmasina neden olmaktadir (Yildirim ve ark., 2022). Bununla
birlikte, gida israfi sera gazi emisyonlarinin artmasina da neden olmaktadur. Israf edilen
gidalarin ¢op toplama alanlarinda ayristirilmasi neticesinde ortaya ¢ikan metan gazi,
kiiresel 1sinma tizerinde karbon dioksitten ¢ok daha gii¢lii bir etkisi olmaktadir. Bu
durum, iklim degisikligini hizlandirarak, biyolojik ¢esitlilik ilizerinde olumsuz etkiler
yaratmaktadir (Ademoglu, 2021).

Gastronomide sifir atik uygulamalari, isletmelerin ekonomik ve c¢evresel
performanslarini artirmasini saglayan, yenilikgi bir yaklasim olmas1 bakimindan oldukg¢a
onemli bir kavram olarak nitelendirilmektedir. Atik yonetiminde sifir atik yaklasimini
benimseyen isletmeler, mali tasarruf, marka imajinin gii¢clendirilmesi ve ¢evre dostu
tretim siirec¢lerinin olusturulmasi gibi pek cok faydalar elde etmektedir (Boz, 2024).
Sifir atik uygulamalar: sayesinde, isletmelerde tasarruf saglanarak isletme giderlerinde
onemli disiisler goriilebilmektedir. Porsiyon kontrolii ve menii planlamasinin optimize
edilmesiyle de gida israfi azaltilarak satin alma maliyetlerinde diisiis saglanmaktadir.
Ayrica yerel ve mevsimsel lirtinlerin tercih edilmesi, sifir atik uygulamalarinda 6nemli
bir rol oynamaktadir. Bu sekilde lojistik stireclerdeki enerji tiiketimi azaltilir ve yerel
ureticiler desteklenerek toplumsal fayda saglanabilmektedir. Ayrica, sirdiiriilebilir
menii tasarimlari, musterilerin ¢evreye duyarh tercihler yapmalarini tesvik edilerek
satislar1 artirabilmektedir (Sen ve Demir, 2019).

3. Ilgili Calismalar

Bu arastirmada, gastronomi ve gida alaninda sifir atik kavramini ele alan makaleler
incelenmistir. Elde edilen bulgulara gore, konu iizerine yayimlanmis ¢alismalar, yillar
icinde artis gostermis bulunmaktadir. Sifir atik yaklasimina yonelik artan ilgi
dogrultusunda, gastronomi sektorii ve gida alaninda gerceklestirilen uygulamalar
incelendiginde olumlu sonuglar saglandig1 goriilmektedir. Sifir atik politikalarini
uygulayan gida isletmeleri lizerine yapilan arastirmalar sonucunda gida israflarinda
azalmalarin gergeklestigi ve isletmelere ekonomik ve siirdiiriilebilirlik agisindan avantaj
sagladiklar1 vurgulanmistir. Bu baglamda sifir atikla ilgili uygulanan politikalarin etkili
oldugu sonuclarina ulasilmistir. Bununla birlikte gidalar i¢cin de sifir atik kavrami ile gida
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trlnlerinin gelistirilmesi ya da atiklarin baska formlarda kullanilmasi {izerine yapilmis
calismalara yer verildigine ulasilmaktadir. Ote yandan sifir atik, saghikli beslenme ve
temiz gida gibi akimlarla da dogrudan iligkili oldugu i¢in ézellikle COVID-19 siirecinde
oldukga ilgi géormiustir. Calismalarin yillara gore dagilimlarinda 2019 sonrasi artisin
etkilerinden biri olarak gortlebilmektedir (Ertas Sabanci ve Onur, 2024). Temiz gida ve
saglikll beslenme etkileri sayesinde de tarladan sofraya tercileri baslayarak yereli
koruma ve destekleme gibi ¢cevresel biling ve yerel ekonomiye katkilar saglanmistur.

Bu arastirma kapsaminda 2019-2025 yillarini kapsayacak bicimde alanyazin taramasi
yapilmistir. Yapilan sinirlamalar dogrultusunda DergiPark veri tabani tizerinden toplam
1386 makaleye ulasilmis 1373 tanesi degerlendirmeye alinmistir. Yillar agisindan en
fazla ¢calisma 2023 yilinda (268) yapilmistir. 2021 yilinda (258), 2024 yilinda (253),
2022 yilinda (227), 2020 yilinda (186), 2019 yilinda (148) ve son olarak 2025 yilinda
(33) calisma yapildig1 tespit edilmistir. Arastirma makaleleri alanyazin kisminin %77°lik
kismini olusturmaktadir. Derleme makaleleri ise %23’liik oran1 kapsamaktadir. Dillere
gore dagiliminda ise alanyazinin %83’liikk kismini Tiirkge ¢alismalar kapsamaktadir.
%17’lik kisim Ingilizce ¢alismalara aittir. Calismalar arasinda yalnizca bir adet Rusga
kaynak bulunmaktadir. Gastronomi konusu da gida bilimleri ¢alismalari igerisinde yer
almistir. Alanyazin incelenmesinde, son yillardaki ¢alismalarin restoranlar, oteller ve
tniversiteler bazinda gergeklestigi gozlemlenmistir. Bu alanda yapilan c¢alismalarin
biiyiik bir b6li mii gida atiklar1 konusunda bilgi diizeyi 6l¢iimii ve atik doniisiimii i¢in
alternatif yollarin gelistirilmesi tizerinedir. Gida atiklari iizerine yapilan ¢alismalar genel
olarak tiiketici kabulii konusu iizerine yapilmistir. Ilgili calismalarin 6zet olarak
incelenmesi amaciyla “sifir atik veya gastronomi veya gida” kelimeleri ile tarama
yapilarak ulusal (Dergipark platformu veri tabani) veri tabaninda yer alan alanyazindan
calisma ornekleri ve icerikleri verilmistir. Gastronomide sifir atik yaklasimina yonelik
ulusal ve uluslararasi alanyazin 6rnekleri Tablo 1'de verilmistir.

Tablo 1. Gastronomide sifir atik yaklagimi tizerine yapilmis bazi makalelerin incelenmesi

Calisma ad1 Yontem Bulgular Kaynak

Ulusal alanyazin

Restoranlarda Gida Istanbul’daki 29 restoran  Atiklarin ¢ogunlugunun servis asamasinda Cirisoglu ve
Atik Yonetimi lizerinde, gida atik siiregleri ile  olustugu, sebzelerin en yaygin atik tiirii oldugu  Akoglu (2021)

yar1 yapilandirilmis goriismeler
yapilarak  nitel analiz ile
incelenmistir.

belirtilmis. Atiklarin ve yemek atiklarinin
biyodizel i¢in toplanmaktadir. Bu konu lizerine
farkindalik artirllmasi énerilmistir.

Egitim Mutfaklarinda

Egitim mutfaklarinda iki hafta

En fazla atiklarin iretim sirasinda olustugu

Toker ve Atabey

Gida Atiklari boyunca atiklarin tiirleri ve  belirtilmistir. Gida israfim 0Onlemek icin (2023)
Yonetimi miktarlar1 gozlemlenip analiz  sektdrel egitimlerin artirilmasi gerektigi

edilmistir. onerilmistir.
Kent Kentsel restoranlarda literatir  Yesil restoran uygulamalar1 ve sifir attk Haksevenler ve
Restoranlarinda Sifir ~ taramasi ve saha gozlemi. meniilerin miisteri memnuniyetini artirdigt  Kavak (2020)
Atik Yaklagimi tespit edilmistir.
Gida Atiklarinin Literatir derlemesi ile kiresel Gida atiklar1 kompost gibi yontemlerle Okumus (2023)
Endiistriyel gida atiklarinin degerlendirme  biyogazlara doniistiiriilebilmektedir. Kaynakta

Degerlendirilmesi

yontemleri analiz edilmistir.

ayristirmanin Kkritik bir yonetim araci oldugu
belirtilmistir.

Bes Yildizli Otellerde ~ Antalya’daki otellerde mutfak  Sifir  atk  uygulamalarinin  maliyetleri Kiling Sahin ve
Sifir Atik Yaklasimi sefleriyle nicel yontemlerden  diisiirdiigli, ancak daha fazla egitime ihtiyag Bekar (2018)
anket yontemiyle veri  oldugu belirtilmistir.
toplanmistir.
Mutfakta Sifir Atik Literatlir taramasi ve uygulamali  Meyve-sebze atiklarinin sirke ve tursu Kutlu ve
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Yaklasimiyla Sirke ve  iiretim teknikleriyle inceleme iretiminde kullanilmasi hem ekonomik kazan¢ Yakupoglu (2024)
Tursu Uretimi yapilmistir. hem de atiklarin degerlendirilmesine Kkatki
sagladig1 belirtilmistir.

Zincir Restoranlarda Betimsel analiz; wuluslararasi1  Zincir restoranlarin sirdirilebilir mutfak Tas ve Olum
Stirdurilebilirlik stirdiirtilebilir restoran  uygulamalariyla hem ekonomik hem de (2020)
Uygulamalari politikalar1 incelendi. cevresel fayda sagladig belirtilmistir.
Universitelerde Atik Universite kampiislerinde sifir  Sifir atik bilincinin artirilmasi i¢cin kapsamli  Omiirbek ve ark,
Yonetimi atik uygulamalarin1  egitim programlarinin gelistirilmesi gerektigi (2019)

degerlendiren saha ¢alismasi  vurgulanmistir

yapilmistir.
Yiiksekogretim Anket yéntemiyle iiniversite  Ogrencilerin biiyiik bir kismi gida israfimn  Aksoy ve Salli
Ogrencilerinin Gida o0grencilerinden nicel veriler o6nemli bir sorun oldugunu kabul etmekte, (2023)
Israfi Konusundaki toplanmis ve istatistiksel analiz  ancak  giinliik  tliketimlerinde  bilingsiz
Bilgi, Goriis ve yapilmistir. aliskanliklar sergiledikleri tespit edilmistir.
Davraniglari Egitim programlari 6nerilmistir.
Strdiirtlebilir Betimsel tarama yontemiyle Universitelerde sifir atik ve siirdiiriilebilirlik Boz (2024)
Gastronomi ve Attk Tirkiye’deki gastronomi  temal derslerin giderek arttig1 tespit edildi.

Yonetimi

programlarinda stirdiiriilebilirlik
icerikli dersler incelenmistir.

Egitimlerde atik azaltimi ve siirdiiriilebilir
mutfak uygulamalarina vurgu yapilmistir.

Uluslararasi

alanyazin

Edible Coating from Ekmek nisastas1 ve kitosan %70 nisasta, %30 Kkitosan iceren film; gida Sulistyowati ve
Breadfruit Starch kullanilarak ¢ozlici  yuzeyinde etkisi ele alimmistir. Bu ¢alisma, sifir  ark, (2024)

and Chitosan for buharlastirma yontemiyle  atik yaklasimiyla gida atiklarinin gastronomide

Food Packaging

yenilebilir film tretilmistir. Farkl
oranlarda karisimlar test edilip
sebzelerin (havug, biber, tath
patates) lizerine uygulanmistir.

ambalaj olarak degerlendirilmesini ele almistir.

Extraction of

Ejder meyvesi kabuklar1 (meyve

Ejder meyvesi kabuklarl, dogal antosiyanin

Muyassaroh ve

Anthocyanin isleme atig1) asidik etanol ile kaynagi olarak kullanilabilir; saghkh ve ark, (2024)
Pigments from the ekstrakte edilmistir. Renk  siirdirilebilir bir dogal gida boyasi olarak
Peel of Dragon Fruit yogunlugu, pH stabilitesi ve  kullanilmaktadir. Atiklarin gastronomide dogal
for Food Coloring termal dayanimi él¢tilmiistiir. renklendiriciye donistiiriilmesini saglayarak

sifir atiga katki sunmaktadir.
Preparation and Sebze atiklar1 (moringa, su  Polieugenol kaplamasiyla biyoplastiklerin ~Abdul Rahim
Physicochemical 1spanagl, 1spanak) kurutulup dayammmi ve  antimikrobiyal  ozellikleri (2024)
Characterization of ogiitiilerek PVA ile artirlmistir.  Calisma, sebze  atiklarini
Bioplastics from kanistirllmistir.  Elde  edilen  siirdiirtilebilir gastronomik ambalaj
Vegetables biyoplastikler polieugenol ile materyaline doniistiirerek hem sifir atik hem
Waste/PVA and kaplanmistir. Termal, kimyasal de gevreci liriin sunmaktadir.
Coating with ve ylizey analizleri yapilmistir
Polyeugenol (FTIR, XRD, SEM).

Extraction and
Characterization of
Pectin from Lemon

Limon kabuklar1 (meyve suyu
endistrisi atig1) sicak asidik
ekstraksiyon ile pektin eldesi i¢in

Elde edilen pektin; regel,
gastronomik trtinlerde
kalitede oldugu sonuclarina ulagilmaktadir.

marmelat gibi
kullanilabilecek

Beyech Hundie ve
Abdissa (2024)

Waste for islenmistir. Elde edilen pektin
Commercial FTIR ve jel olusumu testleri ile
Applications analiz edilmistir.
The Properties of Mutfaklardan toplanan atik  Sabunlarin  kopirme ve  nemlendirme Irawan ve ark,
Waste Cooking Oil kizartma yagi kullanilarak sabun  kapasitesi artmistir. Atik yag ve meyve atiklary, (2024)
Soap with Avocado iretilmistir. Sabuna avokado temizlik tUriiniine dontstiirilerek gida ve
Waste Extract as kabugu ve cekirdeginden elde kozmetik sektoriine sifir atik  katkisi
Filler edilen ozler eklenerek  sunulmaktadir
formiilasyonlar olusturulmustur.
The Impact of Akilll ambalaj Ornekleri (gaz  Akilli ambalajlar sayesinde tiiketici, iriiniin Doughmi ve ark,

Technology on Food
Waste: Smart
Packaging

gostergeleri, RFID, QR kodlari,
sensorler) analiz edilmistir. Raf
omri takibi ve tiiketici bilinci
etkileri incelenmistir.

tazeligi hakkinda bilgi sahibi olmaktadir ve
israf izerinde olumlu etkisi bulunmaktadir.

(2024)

Waste Minimization
in Food Services: The
Role of Technology
and Innovation

Teknoloji ve inovasyonun gida

hizmetlerinde atik azaltmaya
etkisini inceleyen bir ¢alisma
olarak hazirlanmistir.

Dijital ¢oziimler, akilli paketleme ve izleme
sistemlerinin gida atiklarini azaltmada etkili
oldugu bulunmaktadir.

Colak (2023)
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Spanish Consumers' Ispanya'da 324 tiiketiciyle anket  Tiiketicilerin ~ %63'ii  siirdiirilebilir gida Lami ve ark,
Commitment yapilmistir.  Cevreye duyarli  driinlerini tercih etmeye egilimli oldugu (2021)

towards Sustainable tliketiciler, geri doniisiim ve atik  sonuglarina ulagilmistir.

Food Consumption azaltma  gibi  siirdirilebilir

uygulamalara yonelmektedir.

Zero Waste Strategies  Turkiye'nin wulusal sifir atik  Sifir atik projesi ile gastronomi sektorii de dahil  Tan (2021)
and Turkey’s Zero politikas1 incelenmistir, AB ve olmak tuzere pek ¢ok alanda atik azaltimi
Waste Project diger tlkelerle karsilastirllmistir.  saglanmakta, gevresel farkindalik

Belediyeler, sanayi ve gastronomi  artirilmaktadir.

uygulamalari analiz edilmistir.

Gastronomi ve sifir atik yaklasimina iliskin bibliyometrik ayrintili bir inceleme ya da
gastronomi ile iliskisini bu konu kapsaminda konu alan bibliyometrik bir ¢alismaya
rastlanamamistir. Bunlarin yani sira sifir atik kavrami gastronomi trendleri arasinda
populer bir akim yakalamaya baslamistir. Bu konu hakkinda cesitli arastirmalar
yapilmaya baslanmisken, alanyazinin bibliyometrik o6zelliklerinin incelendigi bu
calismada, makalelerin yillara gére dagilimi, yayin tiirlerine gore dagilimi, makalelerin
dillere gore dagilimi, en ¢ok makale yayimlayan dergilerin tespit edilmesi gibi ve bu
alanyazinin nasil ilerledigini géstermek adina mevcut ve yeni arastirmacilara, mutfak
uygulama alaninda calisan profesyonellere ve bilingli tiiketicilere yol gostermesi ve
kaliteli yayinlara kolay erisimleri anlaminda katki saglamasi beklenmektedir.

4. Materyal ve Metot

Bu calismada, gastronomi ve gida alanlarinda yer alan sifir atik yaklasiminin kapsaml
olarak incelenmesi amag¢lanmistir. Bununla birlikte, ilgili konu iizerinde ¢alisma yapacak
olan arastirmacilara giincel veri sunarak kaynak olusturulmasi, ¢alismanin hedefleri
arasinda yer almaktadir. Arastirmada, DergiPark veri tabaninda yer alan makale
calismalar1 lizerinden, dokiiman analiz yontemi ve bibliyometrik analiz yontemleri
uygulanmistir. Mevcut arastirmada bibliyometrik analiz yontemi sayesinde veriler
sayisal degerlere cevrilerek istatistiksel sonuglarin elde edilmesiyle akademik calismalar
arasindaki baglantilar ortaya koyulmustur (Ulger ve Ulger, 2022). Veri taban olarak
DergiPark platformu, hakemli akademik dergileri icermesi, kapsaml bir veri tabani
ozelligi sunmasi nedenli tercih edilmistir (ULAKBIM, 2025).

26.03.2024 tarihinde DergiPark veri tabani lzerinden “sifir atik veya gastronomi
veya gida” anahtar kelimeleri ile gelismis arama yapilmistir. Akademik calismalarin
yayimlanma tarihi 2019-2025 yillan olarak belirlenip son 7 yilin verileri lizerinden
arastirma gerceklestirilmistir. Arastirmada kullanilacak yayin tiirleri, arastirma
makalesi ve derleme makalesi olacak sekilde sinirlandirilip, arastirma kapsaminda 1386
adet makaleye ulasilmistir. Elde edilen makalelerin igerik kontrolleri saglandiktan sonra
farkli alanlar tizerinde yapilmis ¢alismalar veri setinden ¢ikarilarak, 1373 adet makale
tzerinden calisma gerceklestirilmistir. Calismada betimsel bibliyometrik analiz yontemi
uygulanmistir. Veriler, kategorilere ayrilarak belirli bashklar altinda incelenmistir
(Giiler ve Keskin, 2020).

Arastirmada analiz icin Microsoft Excel uygulamasi kullanilmistir. Microsoft Excel,
verilerin dagilimini belirlemek, sayisal ¢iktilara ulasmak ve siralama olusturmak i¢in
kullanilmaktadir (Suvaci, 2016). Bu dogrultuda, arastirma kapsaminda belirlenen 1373

41



Diizce. Uni. Zir. Fak. Der., c. 3, s. 1, 55.33-53, 2025.

makale, Microsoft Excel tablosu tlzerinde diizenlenmis, her makale icin verilerin
analizleri saglanmistir. Analiz sonucunda arastirmadaki ana temalar; gida, atik,
gastronomi, turizm, giivenlik, siirdiiriilebilirlik ve tiiketim olarak belirlenmistir. Veriler
arasindaki kavramsal iligkileri analiz edebilmek ve bibliyometrik ag analizlerini
gorsellestirmek amaciyla EksiVeri uygulamasi kullanilmistir. EksiVeri uygulamasi,
Microsof Excel dosyalar1 tizerinden aktarilan verileri kullanarak, veri madenciligi temelli
analizler gerceklestirebilen bir uygulamadir. Bununla birlikte EksiVeri uygulamasi ile
anahtar kelimeler iizerinden kelime bulutlari, ag analizleri ve korelasyon temelli kelime
iliskileri ile tematik siniflandirmalar yapabilmektedir (Atabay, 2024).

Arastirmanin DergiPark veri tabani lzerinden gerceklestirilmesi ve 2019-2025
yillarini kapsayan makaleler iizerinden ¢alismalarin olusturulmasi, arastirmanin
sinirhiliklarimi belirlemistir. Calismada farkli veri tabanlarina yer verilerek, ulusal ve
uluslararasi c¢alismalar ile arastirmanin kapsami genisletilebilir. Bununla birlikte yil
sinirlamasi artirilarak daha uzun vadede konuya iliskin gelismeler akademik olarak
sunulabilecektir.

Asagida yer alan Sekil 2’de bu arastirma kapsaminda ele alinan arastirma sorulari
verilmistir.

Gastronomi ve sifir atikla

ilgili yayimlanmis makale

calismalarimin yillara gore
dagilimlari nasildir?

Gastronomi ve sifir atikla
ilgili makale calismalarinin

yayimlandiklari dergilerin
dagilimlar1 nasildir?

Gastronomi ve sifir atikla
ilgili yayimlanmis
calismalarin yayin tiirleri
nasildir?

Gastronomi ve sifir atikla
ilgili yayimlanmis makale
calismalarina katki
saglayan kurumlarin
dagilimi nasildir?

Gastronomi ve sifir atikla
ilgili yayimlanmis makale
calismalarimin dil
dagilimlari nasildir?

Gastronomi ve sifir atikla
ilgili yayimlanmis makale
calismalarinin yazar
sayilarina gore dagilimlar
nasildir?

Gastronomi ve sifir atikla
ilgili yayimlanmis makale
calismalarinda en sik
kullanilan anahtar
kelimeler nelerdir?

Sekil 2. Arastirma sorular1

5. Bulgular ve Tartisma

Bu arastirmada, gastronomi ve gida alanlarinin sifir atik yaklasimi ile olan iliskisi
uzerinde DergiPark veri tabaninda yer alan 2019-2025 yillar1 arasinda yayimlanmis
1373 makale bibliyometrik analiz yontemiyle incelenmistir. Elde edilen veriler Microsoft
Excel ve EksiVeri uygulamalariyla analiz edilmistir. Elde edilen analizler dogrultusunda
sifir atik yaklasiminin gastronomi ve gida bilimleri alaninda giderek artan bir akademik
ilginin olduguna ulasilmaktadir.

Makalelerin yillara gore dagilimi incelendiginde, 2019 yilinda 148 olan yayin
sayisinin 2021 yilinda 258’e, 2023 yilinda ise 268’e yiikseldigi goriilmektedir. Sekil 3’te,
DergiPark veri tabanindan elde edilen verilerin yillara gore dagilimlar1 verilmistir. Bu
artis, strdiiriilebilirlik, gida giivenligi ve ¢evre bilinci konularinin kamu politikalar ve
toplum genelinde daha ¢ok giindeme gelmesiyle iliskilendirilebilmektedir (Strateji ve
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Biitce Baskanligl, 2020). Ayrica, COVID-19 pandemisinin etkisiyle birlikte gidaya erisim,
hijyen ve tedarik zinciri giivenligi gibi konularin 6n plana ¢ikmasi, 6zellikle 2021 sonrasi
yillarda bu alandaki akademik liretimin artisinda etkili olmustur (Tan, 2021).

300
268
258 253
250
227

200 186

148
150
100

50 33
0 -
2019 2020 2021 2022 2023 2024 2025

Sekil 3. Makalelerin yillara gére dagilimlar:

Calismalarin yayin tiirlerine gore dagilimi incelendiginde, makale g¢alismalarinin
%77’si aragtirma makalesinden (1057), %Z23’'i derleme makalesinden (316)
olusmaktadir (Sekil 4). Bu durum, sifir atik konusunun sektor alanlarinda uygulanabilir
oldugunu ve arastirma alanlarinin genis oldugunu gostermektedir (Ulger ve Ulger,
2022). Makale ¢alismalarinin yayimlandiklar: dillerin dagilimlarina gore; ¢alismalarin
%83i Tiirkge (1143), %17’si Ingilizce (229), %0’ Rusga (1) olarak yayimlanmistir (Sekil
5).

B Aragtirma Makalesi

u Derleme

Sekil 4. Makalelerin yayin tiirlerine gére dagilimlari.
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229;17%

B Rusca
Ingilizce

u Tiirkce

Sekil 5. Makalelerin yayimlandiklar dillere gore dagilimlar:

Sekil 6’da gastronomi, gida ve sifir atik kavramlariyla ilgili en ¢ok makale yayinlayan
ilk 10 dergi yer almaktadir. Ilk sirada Gida (41) dergisi bulunmaktadir. Ardindan
sirasiyla, Aydin Gastronomy (38), Gastroia: Journal of Gastronomy And Travel Research
(34), Akademik Gida (29), Avrupa Bilim ve Teknoloji Dergisi (28) gibi dergilerde ¢calisma
yapilmistir. Calismada yer alan 1373 makale, toplam 578 farkli dergide yayimlanmistir.
Bu dergilerin gastronomi, gida teknolojisi ve turizm alanlarinda yogunlasmasi,
disiplinler arasi bir yaklasimla sifir atik temalarinin islendigini ortaya koymaktadir.

Gda | 41
Aydmn Gastronomy | e 38
Gastroia: Journal of Gastronomy And Travel Research | N 34
Akademik Gida [ 29
Avrupa Bilim ve Teknoloji Dergisi [ RIS 28
Helal ve Etik Aragtirmalar Dergisi | N 20
Safran Kiiltir ve Turizm Arastirmalari Dergisi [ RN 17
Giincel Turizm Aragtirmalari Dergisi [ NN 16
Tarim Ekonomisi Dergisi | NN 14
Tourism and Recreation [ NN 12
Gida ve Yem Bilimi Teknolojisi Dergisi | R N 12
Ege Universitesi Ziraat Fakiiltesi Dergisi | N 12
0 5 10 15 20 25 30 35 40 45
Sekil 6. Makalelerin yayimlandiklari dergilerin dagilimlari.

Sekil 7‘de yayimlanmis makale calismalarina katki saglayan ilk 10 kurum verilmistir.
Buna gore Ege Universitesi (32) ilk sirada yer almaktadir. Ardindan Kastamonu
Universitesi (30) ikinci sirada yer almakta ve Ege Universitesi’ne oldukca yakin bir
deger gostermektedir. Arastirmada yer alan 1373 makaleye toplam 185 kurum katki
saglamistir. Bu da Tiirkiye genelindeki tiniversitelerde sifir atik temali akademik
arastirmalarin yayginlastigini gostermektedir.
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Sekil 7. Makale ¢alismalarina katki saglayan kurumlarin dagilimlari

Yazar sayillarina gore yapilan analizde, en ¢ok c¢alismalarin yapildig1 yazar
siralamasina gore ilk sirada iki yazarli c¢alismalar (638) yer almaktadir (Sekil 8).
Ardindan tek yazarh (350) ve ii¢ yazarlh (196) makaleler sirayla gelmektedir. Yedi ve
sekiz yazarli c¢alismalarin da yer aldigi makalelerin bulunmasi, is birligine dayal
arastirmalarin gerceklestirildigini gostermektedir. Sekil 8‘de makale c¢alismalarinin
yazar sayilar1 verilmistir. Buna gore en ¢ok iki yazarh (638), bir yazarl (350) ve li¢
yazarli (196) seklinde ¢alismalar olusturulmustur.

Sekiz Yazarli I 5

Yedi Yazarh 1

Alt1 Yazarh . 14

Bes Yazarh - 30
Dort Yazarh - 77

0 100 200 300 400 500 600 700
Sekil 8. Makale calismalarinin yazar sayilarina gore dagilimlari

Sekil 9°da anahtar kelime bulutu verilmistir. Buna gore en ¢cok tekrar eden anahtar

kelime olarak gida (944) ilk sirada yer almaktadir. Ardindan sirasiyla food (816),

gastronomi (431), gastronomy (298), giivenligi (155), waste (109), tourism (144), covid

(106), safety (94), atik (87), stirdiirilebilir (55) seklinde anahtar Kkelimeler
kullanilmistir.
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Sekil 9. Anahtar kelime bulutu
Sekil 10’da anahtar kelime ag analizi verilmistir Buna gore grafigin merkezinde gida

ve gastronomi kelimeleri yer almistir. Grafikte, gida giivenligi, siirdiiriilebilirlik, turizm,
tiiketici davranislari ve pazar analizi gibi 6nemli temalarin gida ve gastronomi ile iliskisi
gorulmektedir. Ayrica, "giivenlik", "atik", "turizm" ve "tliketici" gibi kelimelerin de
grafikte 6nemli bir yer tutmasi, bu alanlar arasindaki iliskinin ortaya koyulmasini
saglamistir. Anahtar kelime ag analizinde en sik kullanilan kavramlar arasinda “gida”
(944), “gastronomi” (431), “siirdiirtlebilirlik” (55), “atik” (87) ve “giivenlik” (155) yer
almaktadir. Anahtar kelime bulutu ve ag analizinde, “gida” ve “gastronomi”
kavramlarinin merkezde yer aldigy; “turizm”, “tliketici davraniglar1”, “atik yonetimi” ve
“gida giivenligi” gibi temalarla gli¢cli baglantilar kurdugu gorilmektedir. Bu bulgular,
gastronomi ve gida alanlarinin sifir atikla ¢ok yonli bir etkilesim iginde oldugunu,
tiilketim ve tUretim siireglerinin bu yaklasimla yeniden degerlendirildigini ortaya
koymaktadir.
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Sekil 10. Anahtar kelime ag analizi
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Elde edilen bulgular degerlendirildiginde; gastronomi ve gida alanlarinin sifir atik
yaklasimiyla akademik anlamda gii¢lii bir bag kurdugunu ve bu bagin c¢evresel,
ekonomik ve toplumsal siirdiiriilebilirlik cercevesinde derinlestigini gdstermektedir.
Multidisipliner 6zellik tasiyan bu arastirma alani, gelecekte daha genis veri tabanlari ve
uluslararasi yayinlarla daha kapsamli calismalarla desteklenmelidir.

Calismada yer alan ulusal ve uluslararasi alanyazin orneklerine gore sifir atik
uygulamalarinin gastronomi ve gida sektdriine olan katkisinin giderek arttigi ortaya
koyulmustur. Sahin ve Bekar (2018), yaptiklar1 makale calismasinda, bes yildizh
otellerde sifir atik uygulamalarinin ekonomik etkilerini sunmustur. Otel sefleriyle
yapilan anketler dogrultusunda, sifir atik uygulamalarinin, maliyetleri diisiirdiigii ancak
mutfak personellerine konuyla ilgili daha fazla egitimin verilmesi gerektigi belirtilmistir.
Bu calisma, “surdirilebilirlik”, “mutfak” ve “gida” gibi anahtar kelimelerle
ortismektedir ve ekonomik kazanimlar vurgusu, bibliyometrik analiz bulgulariyla
paralellik gostermektedir.

Tan (2021), Tirkiye’'nin sifir atik projesi Avrupa ve diger tlkelerle karsilastirilarak
analiz edilmistir. Gastronomi sektorinin de wuygulama kapsaminda oldugu
vurgulanmistir. Alanyazinda yer almis bu ¢alisma bulgular kisminda yer alan ag
analizinde “sifir atik” ve “atik yonetimi” gibi temalar ile uyumlu oldugu sonuglarina
ulagilmistir.

Alanyazin ¢alismasinda yer alan konu alanlarindan biri teknoloji ve sifir atik tizerine
yapilan calismalardir. Buna gore, Okumus (2023), gida atiklarinin endiistriyel dontisim
potansiyeli iizerine ¢alisma yapmis ve biyogaz {retimi gibi yoOntemlerin
yayginlastirilmasi gerektigini ifade etmistir. Colak (2023), tarafindan yapilan bir baska
calismada ise gida sektoriinde teknolojik ¢ozlimlerin (akilli ambalaj sistemleri, QR
kodlar gibi) gida israfin1 6nleme iizerinde etkili oldugunu sonuclarinda belirtmistir. Bu
da bulgular kisminda yer alan, "teknoloji", "izleme", "gida giivenligi" anahtar
kelimeleriyle ortiismektedir.

Calismada yer alan gida atiklarindan yeni iriin elde edilmesi iizerine alanyazin
calismalarina bakildiginda, Kutlu ve Yakupoglu (2024), meyve-sebze atiklarindan sirke
ve tursu uretimi tizerine uygulamali calisma yapmistir. Benzer sekilde, Muyassaroh ve
arkadaslar1 (2024), ejder meyvesi kabuklarindan dogal antosiyanin iiretimi
gerceklestirerek gida boyasi elde etmis ve bu katki maddesinin sirdiiriilebilir
gastronomide kullanilabilecegini savunmustur. Bu bulgular da “dogal katki”, “atiklarin
degerlendirilmesi” ve “gastronomide yenilik” basliklar ile 6rtiismektedir. Sulistyowati
ve arkadaslar (2024), ekmek agaci nisastasi ve kitosan ile iiretilen yenilebilir filmleri
gida ambalaji olarak test etmis ve bu filmlerin sifir atik stratejileri olarak belirtmistir.
Abdul Rahim (2024), tarafindan yiiriitiilen ¢alismada ise sebze atiklarinin biyoplastik
uretiminde kullanilmasi sayesinde ambalaj dayanimi artirilmis ve sifir atik ilkesi
dogrultusunda ¢evre dostu iiriin gelistirilmistir. Bulgular kisminda yer alan en ¢ok
tekrar eden kelimeler olan “ambalaj”, “atik yonetimi” ve “cevre” anahtar kelimeleri ile
ortiistiigii sonuglarina ulasilmistir.

Gastronomi sektort, tliketici tercihlerinin strekli degismesi, teknoloji alaninda
gelisen yenilikler ve siirduriilebilirlik kapsamina bagl olarak yenilik¢i uygulamalar
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nedenli devaml degisim gostermektedir. Bu yenilik¢i uygulamalar hem ¢evresel zararh
etkileri azaltmayr hem de isletmelerin ekonomik ve uygulamali performanslarini
artirmay1 hedeflemektedir. Ozellikle sifir atik yaklasimi, gastronomide yenilikgi
cozimlerin temelini olusturmakta ve sirdurilebilir gastronomi anlayisini
desteklemektedir (Cankiil, 2019). Mutfaklarda uygulanmasi adina bircok proje
tiretilmektedir. Bunlardan biri Turuncu Bayrak Projesidir. Bu proje, gida israfini
azaltmak ve sirdirilebilirligi tesvik etmek amaciyla gelistirilmistir. Yiyecek-icecek
uretiminden baslayarak tiikketim asamasina kadar her tirli hizmeti icinde
barindirmaktadir (Turuncu Bayrak, 2018). Ayn1 zamanda turuncu bayrak kazanan
isletmeler ¢evre dostu bir imaj kazandiklar1 i¢cin misteriler tarafindan da tercih
edilmektedir. Bunlara ek olarak doga acisindan karbon ayak izini azaltirken, yerel
ureticileri destekleyerek toplumsal ve ekonomik fayda saglamaktadir. Bu tarz yapilan
uygulamalar hem dogal bir deneyim sunmakta hem de kaynaklarin verimli
kullanilmasini miimkiin kilmaktadir (Cetinoglu ve Unliiénen, 2020).

Gastronomi isletmelerinin, plastik kullanimini azaltmak ve ¢evre dostu bir marka
algis1 olusturmak icin geri donistirilebilir ambalaj malzemeleri kullanimini tercih
etmeleri gerekmektedir. Ozellikle geri déniistiiriilebilen ambalajlar ve yeniden
kullanilabilir servis malzemeleri, ¢evreye olumlu katkilar saglamaktadir. Akilli mutfak
sistemleri, enerji ve su tiiketimini dengelerken gida atiklarini azaltmak i¢in veriye dayali
analizler sunmaktadir. Bunun yani sira, dijital siparis sistemleri ve QR kod tabanl
mentiiler, tliketicilere daha hizli ve kolay bir hizmet sunmay1 miimkiin kilmaktadir. Bu
tir yenilik¢i mutfak ¢o6ztiimleri, isletmelerin ¢evreye duyarliligini artirirken,
surdirilebilirlik hedeflerini desteklemektedir (Aydin ve Cakir, 2022).

6. Sonuglar

Bu arastirma, 2019-2025 yillan arasinda DergiPark veri tabaninda yayimlanan 1373
akademik makalenin bibliyometrik analizi yoluyla, sifir atik yaklasiminin gastronomi ve
gida bilimleri literatiirinde nasil konumlandigini ¢ok boyutlu bicimde ortaya
koymustur. Elde edilen bulgular, sifir atik temali ¢alismalarin incelenen dénemde
istikrarli bir artis gosterdigini ve ozellikle 2021 ile 2023 yillarinda 6nemli oranda
arttigin1 gostermektedir. Bu artisin; Covid-19 pandemisi sonrasi gida giivenligi, hijyen,
kaynak yonetimi ve siirdiiriilebilirlik gibi kavramlarin kamu kurumlarinda ve akademik
cevrelerde oncelik kazanmasiyla dogrudan iliskili olduguna ulasimistir. Analiz
kapsaminda incelenen 1373 makalenin 578 farkli dergide yayimlanmis olmasi, konunun
cok disiplinli yapisini ve literatiirdeki genis alanlarim1 ortaya koymaktadir. Yayinlar
icerisinde en fazla katki saglayan dergilerin “Gida”, “Aydin Gastronomy” ve “Gastroia:
Journal of Gastronomy and Travel Research” olmasi, gida ve gastronomi alanlarinin sifir
atik konulu calismalarda 6nemli rol tstlendigini gostermektedir. Ayrica, arastirmalarin
biiylik cogunlugunu arastirma makalelerinin (1057) olusturmasi, bu alandaki akademik
uretimin teorik calismalarin 6tesine gecerek sektore ve uygulamaya yonelik oldugunu
gostermektedir.

Kurumsal katkilar acisindan “Ege Universitesi”, “Kastamonu Universitesi” ve
“Necmettin Erbakan Universitesi” sirasiyla en fazla yayina sahip yiiksekégretim
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kurumlari olarak 6ne ¢ikmakta, bu durum s6z konusu tiniversitelerde stirduriilebilirlik
ve ¢evre temelli arastirmalarin olduk¢a 6nem verildigini diisiindiirmektedir. Yazar sayisi
bakimindan iki yazarl ve tek yazarl yayinlarin agirlikta oldugu sonuglarina ulagilmistir.
Bununla birlikte anahtar kelime analizinde en sik Kkarsilasilan kavramlarin “gida”,
“gastronomi”, “siirdurilebilirlik”, “atik” ve “giivenlik” olmasy; sifir atik yaklasiminin
cevresel bir sorun 6zelligi tasimasinin yaninda halk saghgi, gida giivenligi ve toplumsal
sorumluluk acgisindan degerlendirilen bir konu oldugunu gdstermektedir. Bu ¢alisma
dogrultusunda, sifir atik temelli siirdiiriilebilirlik politikalarinin gida tedarik zinciri ile
akademik alanda da yer almaya basladig1 goriilmektedir. Bu ¢alisma sonuglarina gore,
sifir atik yaklasimini giiglendirmek igin;

v' Tiiketiciler i¢in bilingli tiiketim ile israfi dnleme, organik atiklar1 kompost yolu ile
degerlendirme, yerel treticileri destekleyerek siirdiiriilebilir tarima destek olma
ve karbon ayak izini diisirmede etkin rol oynama ve sifir atik ilkelerini
destekleyen kuruluslara, isletmeleri ve mutfaklar1 tercih etme gibi konularda
dikkatli olmas1 6nerilmektedir.

v' Sanayiciler i¢in liretim siireclerinde dongiisel ekonomi modelini tercih ederek atik
azaltma yoluna gitmesi, tedarik zincirini kontrol etmesi ve fazla gida atiklarini
degerlendirmesi, geri donustiiriilebilir ve ¢evre dostu ambalajlar tercih etmesi,
kalan artik maddelerden yan iiriinler ve dogal gida katkilar tiretmesi 6nerilebilir.

v Akademik alan ic¢in sifir atik egitim programlarin arttirilmasi, geng¢ kusaklarin
bilin¢lendirilmesi, sifir atik politikalarina uygun endustri ile is birligi icinde
projelere yonelinmesi, sosyal etkiye yonelik tiiketici ¢calismalari, artik tirtinlerden
dogal gida katki maddeleri gelistirme ve daha kapsamli bibliyometrik analizler
onerilmektedir.

v’ Sefler i¢in gastronomide tim malzemeleri degerlendirme, kalan malzemelerin
sap, ¢ekirdek ve kabuklarini sos, ¢corba vb. amaglar i¢in kullanma, atiksiz mentiler
tasarlayarak malzemeleri verimli kullanma, mevsimsel ve yerel irtnler ile
calisma, akilli stok yonetimi, tabaklarda porsiyon kontrolii ve tiiketiciyi tanima,
kompost sistemlerini isletmede kurma, kalana {irtinleri baska tariflerde alternatif
olarak degerlendirme, sifir atik prensibini benimseyen etik treticiler ile ¢alisma,
atiksiz mutfak egitimleri ve workshoplar diizenleme, sebze kabugundan
atistirmalik gibi yenilik¢i receteler ile iiriin portfdylini gelistirme tavsiye
edilmektedir.

Bu baglamda, sifir atik yaklasimlarin akademik alanda ¢alisan Kkisiler, treticiler,
sanayiciler, sefler, gida miihendisleri, otel yoneticileri, isletme sahipleri, kurum ve
kuruluslar tarafindan benimsenmesi bliyiik 6nem tasimaktadir. Sifir atik yaklasiminin
yayginlasmasi, atiklarin azalmasinin yani sira toplumun cevresel etik degerlerinin de
gelismesine yardimci olmaktadir. Calisma sonucunda, gelecekte gastronomi ve gida
sektorlerinde gerceklestirilecek akademik arastirmalarin daha genis veri tabanlarini
kapsayacak sekilde sektorel acidan ayristirlmast ve uygulamali arastirmalarla
desteklenmesi onerilmektedir. Bu sayede, sifir atik politikalarinin etkinligi daha somut
ve kapsamli bicimde degerlendirilebilecek; sektdrel doniisiim siire¢glerine daha giiglii
katkilar saglanabilecektir.
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Yazarlarin Katki Oranlar:

M.C.: Kavramsallastirma, yontem, veri analizi ve yorumlama, alanyazin taramasi,
yontem, yazma - ilk versiyon, yazma - revizyon.

D.D.A.: Kavramsallastirma, yontem, veri analizi ve yorumlama, alanyazin taramasi,
yontem, veri sorgulama, yazma - hakemli yanitlar - revizyon - ilk versiyon.

Cikar Catismasi Beyani

Calismada herhangi bir ¢ikar ¢atismasi yoktur.
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Article history: Due to the ban on antibiotics as feed additives in the European Union in 2006 and the adverse health
Received 03.01.2025 effects of synthetic products, medicinal and aromatic plants, as well as the herbal extracts and essential
Accepted 06.03.2025 oils derived from them, have gained importance in poultry farming as natural products. In recent years,
Available online 20.06.2025 the production of certain aromatic plants has begun, and market volume has increased, particularly in

developed countries, due to the rising use in humans, animals, and plants. These plants exhibit numerous

effects such as antioxidant, antifungal, antiviral, anti-inflammatory, antimicrobial, and digestive system
stimulation. These effects are mediated through secondary metabolites. Consequently, herbal extracts and

Keywords: essential oils obtained from medicinal and aromatic plants (phytobiotics) have become attractive in
Medicinal and aromatic plants poultry nutrition. This review aims to present current information on the importance, physical and
Herbal extracts chemical properties, modes of action, purposes of use, and significance of using herbal extracts and
Essential oils essential oils derived from medicinal and aromatic plants in poultry nutrition.

Poultry nutrition

Tibbi ve aromatik bitkilerin kanatli beslemede kullanimi

MAKALE BILGISI OZET

Makale Gegmisi: Antibiyotiklerin 2006 yilinda Avrupa Birliginde yem katki maddesi olarak yasaklanmasindan ve sentetik
Gelis 03.01.2025 driinlerin saghga olumsuz etkilerinin olmasindan dolay1 tibbi ve aromatik bitkiler ve bunlardan elde
Kabul 06.03.2025 edilen bitkisel ekstraktlar ve esansiyel yaglar dogal tiriinler olarak kanath yetistiriciliginde 6nem
Cevrimici mevcut 20.06.2025 kazanmistir. Son yillarda 6zellikle gelismis tlkelerde insan, hayvan ve bitkilerdeki kullanimin artmasi

sonucu bazi aromatik bitkilerin tiretimi yapilmaya baslanmis ve pazar hacmi artmistir. Bu bitkilerin
antioksidan, antifungal, antiviral, antiinflamatuar, antimikrobiyal ve sindirim sistemini uyarici gibi pek ¢ok

, etkisi bulunmaktadir. Bu etkilerini sekonder metabolitler ile olustururlar. Bu etkilerinden dolay tibbi ve
Anahtar Kelimeler:

Tibbi ve aromatik bitkiler
Bitkisel ekstraktlar
Esansiyel yaglar

aromatik bitkilerden (fitobiyotikler) elde edilen bitkisel ekstraktlar ve esansiyel yaglar kanath
beslenmesinde ¢ekici hale gelmislerdir. Bu derlemede tibbi ve aromatik bitkilerden elde edilen bitkisel
ekstraktlar ve esansiyel yaglarin 6nemi, fiziksel ve kimyasal 6zellikleri, etki sekilleri, kullanim amaglar ve

kanath beslemede kullaniminin 6nemi hakkinda giincel bilgilerin sunulmasini amaglanmistir.
Kanatl besleme

1. Introduction

Plants have been fundamental elements of life throughout human history and have
formed the basis of modern medicine (Yesilbag, 2007; Arslan et al.,, 2021). Due to the
residues left by antibiotics in milk and meat products, which lead to antibiotic resistance
and pose health threats, the use of antibiotics as feed additives (FAs) in animal nutrition
was banned in Sweden in 1986, in Denmark and Switzerland in 1998, and in the
European Union and Turkey in 2006 (Giiven, 2021; Urban et al., 2024). However, the
ban on antibiotics has led to the intensification of bacterial infections and a decrease in
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poultry productivity during this period (Abd El-Hack et al., 2017; Abd El-Hack et al,,
2022; Rahman et al., 2022). Following these bans, considering the harmful effects of
synthetic substances, the use of alternative natural FAs, such as medicinal and aromatic
plants (MAPs) containing phytochemical compounds, also known as phytobiotics
(phytogenic feed additives, PFAs), has become promising (Giirsoy, 2021; Rafeeq et al,,
2023; Alem, 2024).

Medicinal and aromatic plants which are phytochemical plants, producing various
metabolites to sustain their lives and protect themselves, have been used in human
medicine since ancient times, and exhibit pharmacological effects (Yesilbag, 2007;
Rafeeq et al., 2023). When referring to medicinal and aromatic plants, the plant itself, its
extracts, and essential oils come to mind (Okey, 2023; Alem, 2024). These plants stand
out with their aromatic activities. Since the active ingredient ratios of extracts obtained
from aromatic plants are variable, the direct use of plants is generally not preferred
(Aydin, 2023). The various physical and chemical properties of plants are derived from
active substances (secondary metabolites) that are not necessary for the normal growth,
development, or reproduction of plants but are beneficial (Irchhaiya et al., 2015). In the
last twenty years, phytobiotics have shown a wide range of effects, including
antioxidant, anti-inflammatory, antimicrobial, antiviral, antilipidemic, antimycotic, and
metabolic regulatory properties, in addition to their aromatic effects (Kikusato, 2021;
Rafeeq et al., 2022; Oztiirk Aydin & Cengiz, 2023). Additionally, they are widely used in
poultry production to stimulate the immune system and prevent and control various
bacterial, viral, and protozoal diseases (Greene et al., 2021; EIl-Shall et al., 2022). This
review aims to present current information on the use of MAPs, which are important
and increasingly used as feed additives, in poultry nutrition.

2. Importance of Medicinal and Aromatic Plants

Plants synthesize secondary metabolites to protect against pathogens such as viruses,
bacteria, and fungi. These substances protect the plant's DNA and photosynthetic
apparatus from oxidative damage caused by ultraviolet radiation (Kikusato, 2021).
Medicinal and aromatic plants are widely used due to their anti-inflammatory,
antioxidant, and antimicrobial effects. In fact, these plants have long been used in
disease control (Tundis et al., 2017). Using these plants aim to improve the feed
conversion ratio (FCR) in poultry nutrition (Spernakova et al., 2007). Plants such as
cumin, mint, rosemary, thyme, and cinnamon have been used in poultry nutrition for
their antioxidant, anti-inflammatory, antiseptic, antimicrobial, and digestive stimulant
effects (Onen¢ & Turgud, 2019). While many medicinal and aromatic plants are collected
from nature, some plants, such as thyme, are also cultivated (Aslan and Karakus, 2019).
Tiirkiye is rich in medicinal and aromatic plants due to its climate, plant diversity, and
geographical location. There are over 12,000 plant species in Tirkiye, 3,600 of which are
endemic (Anonim, 2019). Plants commonly found and produced in Tirkiye, such as sage,
linden, licorice, and cumin, are known for their antioxidant, anti-inflammatory, and
antimicrobial properties (Sahin-Nadeem et al,, 2013). Additionally, these plants are used
in various sectors for different purposes (Erten et al., 2023).
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3. Properties and Effect Types of Medicinal and Aromatic Plants

Plants experience stress and produce secondary metabolites when the optimal
tolerance level of at least one environmental factor, such as temperature, salinity,
drought, or high light, is exceeded (Yang et al., 2018; Isah, 2019). These metabolites are
found in the roots, leaves, fruits, or seeds of medicinal and aromatic plants (MAPs).
Secondary metabolites include essential oils, flavonoids, alkaloids, saponins, tannins,
and resins. These metabolites are known as beneficial organic compounds that are not
essential for the organism's normal development or reproduction but are advantageous
(Irchhaiya et al., 2015). They provide the taste and aroma of plants and also possess
bioactive properties. Most MAPs, rich in secondary metabolites, exhibit high antioxidant
activity. Plants containing flavonoids demonstrate higher antioxidant activity
(Mohammed et al., 2018; Yakoub et al.,, 2018). Commercially, they are also becoming
increasingly important. For example, flavonoids in licorice root are reported to have 100
times more antioxidant effect than vitamin E (Erten et al., 2023).

In addition to their antifungal, antimicrobial, antiviral, antioxidant, and antilipidemic
effects, medicinal and aromatic plants (MAPs) are reported to have properties that
stimulate the digestive system, strengthen the immune system, and enhance
performance and vitality. The composition and effects of herbal extracts obtained from
phytobiotics vary depending on the part of the plant used, harvest time, geological
origin, processing method, and storage conditions, as well as the species and age of the
animals (Adiyaman & Ayhan, 2010; Giirsoy, 2021; Dilbato Dinbiso et al., 2022; Rafeeq et
al,, 2023).

3.1. Properties and Effect Types of Herbal Extracts

Herbal extracts have been traditionally used for centuries in the treatment of various
diseases (Glven, 2021). These extracts contain nutrients in their chemical structures,
such as small amounts of fatty acids, proteins, essential amino acids, peptides,
oligosaccharides, vitamins, and trace minerals (Aydin, 2023). These extracts improve
the sensory properties of feed, enhance animal performance, and increase the quality of
products obtained from these animals. They have antimicrobial, antioxidant, anti-stress,
and growth-promoting effects (Cetin, 2012; Oztiirk Aydin & Cengiz, 2023). Table 1
presents the parts used, active ingredients, and effect of types of some extracts used in
poultry nutrition (Tipu et al,, 2006; Adiyaman & Ayhan, 2010; Aydin, 2023).

Several theories have been proposed to explain the antibacterial effects of herbal
extracts. According to these theories, the active substances in the extracts interact with
electron transport, ion gradients, protein translocation, phosphorylation, and enzyme-
dependent reactions in the bacterial cell membrane, exhibiting antibacterial activity
(Yanar & Aktas, 2021). Some herbal extracts (thyme, cinnamon, rosemary, garlic) have
been reported to have positive effects on performance parameters by inhibiting the
growth of microorganisms such as Salmonella sp., Escherichia coli (E. coli), and
Clostridium sp. (Oztiirk Aydin & Cengiz, 2023).

The diversity of active metabolites in plant species also alters the effects of herbal
extracts on the digestive system. Many herbal extracts stimulate saliva secretion, while
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some (ginger, turmeric, mint, anise, and cumin) increase the synthesis and release of bile
acids in the liver. Additionally, herbal extracts have been reported to stimulate
pancreatic enzymes (such as amylases and lipases) and increase the activities of
digestive enzymes in the stomach mucosa (Adiyaman & Ayhan, 2010). Herbal extracts
play an important role in maintaining the pH balance necessary for the maximum
activity of digestive enzymes in the digestive system (Aydin, 2023).

Table 1. Used parts, active ingredients and effect types of some aromatic plants

Aromatic plant Part used Active ingredient Mode of action

Sage Leaf Eucalyptol Digestive stimulant, antiseptic, flatulence
Rosemary Leaf Cineole Digestive stimulant, antiseptic, antioxidant

Bay Leaf Eucalyptol Appetite stimulant, digestive stimulant, antiseptic
Clove Flower Eugenol Appetite stimulant, digestive stimulant, antiseptic
Cumin Seed Cuminaldehyde Digestive stimulant, carminative

Thyme Whole plant Thymol, carvacrol Digestive stimulant, antiseptic, antioxidant

Mint Leaf Menthol Appetite stimulant, digestive stimulant, antiseptic
Garlic Bulb Allicin Digestive stimulant, antiseptic

Cinnamon Bark Cinnamaldehyde Appetite stimulant, digestive stimulant, antiseptic
Ginger Rhizoma Zingerone Digestive stimulant

3.2. Properties and Effects of Essential Oils

Essential (volatile) oils are compounds obtained from medicinal and aromatic plants,
typically found in liquid form, which can crystallize at room temperature and are volatile
with strong odors. Essential oils have a highly dense and complex structure. They are
mostly colorless or light yellow, and the characteristic scent of many plants originates
from these oils (Yesilbag, 2007; Giiven, 2021; Okey, 2023). These oils are obtained from
the flowers, buds, leaves, branches, wood, fruits, and roots of plants through distillation
and extraction methods. They possess antiseptic, antioxidant, digestive stimulant,
antimicrobial, enzymatic, anti-rheumatic, diuretic, anti-inflammatory, and disinfectant
properties. The primary effects attributed to essential oils include the increased release
of digestive enzymes and the reduced availability of nutrients for pathogenic gut
bacteria (Okey, 2023). It is reported that approximately one-third of the 300 plant
families in nature contain essential oils (Yesilbag, 2007; Giiven, 2021). The antimicrobial
mechanisms or properties of essential oils are not fully determined, but it is suggested
that they increase the lipid solubility of the bacterial cell membrane surface, leading to
the rupture and disintegration of the bacterial outer membrane (Dorman & Deans, 2000;
Kirkpinar et al., 2011). Some volatile oils, such as terpenoids and phenylpropanoids, are
reported to have strong antimicrobial effects against Clostridium perfringens and E. coli
by penetrating bacterial cells using their lipolytic and chemical properties (Okey, 2023).

4. Purposes of Use and Effects of Medicinal and Aromatic Plants

In high-income countries, the use of medicinal and aromatic plants (MAPs) in humans
has increased again, bringing their use in the form of natural herbal medicines to the
forefront. MAPs have become industrial products in fields such as phytotherapy, medical
and veterinary applications, aromatherapy, nutraceuticals, cosmeceuticals, and animal
welfare. These innovative applications, which add value, have enabled the use of MAPs
in functional foods, livestock, and agriculture (plant protection). Additionally,
considering that more than half of the existing medical drugs are derived from plants,
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even though the pharmaceutical industry focuses on developing new drugs, natural
products will continue to be an important source for new compounds (Arslan et al,,
2021).

MAPs contain secondary metabolites such as tannins, saponins, flavonoids, and
essential oils, and therefore have found wide usage in sectors such as cosmetics,
perfumes, food, and medicine, in addition to adding flavor, aroma, and color to foods
since ancient times (Arslan et al.,, 2021; Alem, 2024). In poultry farming, herbal extracts
and essential oils are used to prevent physiological stress in organs and cells due to
various stress factors such as stocking density and heat stress (Okey, 2023; Oztiirk
Aydin & Cengiz, 2023). Moreover, in recent years, they have been widely used in poultry
nutrition to enhance flavor, increase efficiency, prevent lipid oxidation, stimulate
digestive secretions, improve nutrient digestibility and absorption, promote
gastrointestinal microorganisms, strengthen the immune system, and for their
antibacterial, coccidiostatic, anthelmintic, antiviral, anti-inflammatory, antioxidant
effects, and growth-promoting potential (Aydin, 2023; Alem, 2024).

4.1. Effects of Antibacterial, Antiparasitic and Antifungal

Many researchers have reported that plant extracts or essential oils have strong
antimicrobial effects and can be used as alternatives to antibiotics both as feed additives
(FAs) and for therapeutic purposes in studies conducted with various animal species
(Dorman & Deans, 2000; Cimrin & Demirel, 2016). Many medicinal and aromatic plants
(MAPs) contain flavonoid additives with antimicrobial effects, such as baicalein,
limonene, cinnamaldehyde, carvacrol, or eugenol, and are effective against
microorganisms such as Salmonella sp., E. coli, Streptococcus sp., and Staphylococcus sp.,
as well as having antifungal properties against Candida albicans (Alem, 2024).
Basmacioglu-Malayoglu et al. (2011) reported in their study that essential oils obtained
from cumin, bay leaf, clove, rosemary, anise, and thyme have antimicrobial effects on
Staphylococcus aureus, Salmonella typhimurium, and E. coli. Aloe vera has been reported
to be a plant with antibacterial and antiprotozoal properties, particularly aiding in the
control of coccidiosis in poultry, and contains flavonoids and genes with anti-edema
effects in acute irritation (Misra et al,, 2018). Another study reported that aloe vera
herbal products help combat bacteria and viruses and increase antibody titers against
Newcastle disease and coccidiosis in broilers (Akram et al., 2019). Babacan et al. (2012)
reported that in the first protocol, disc diffusion method included antibiograms discs
with different concentrations of oregano extract were used. Zone diameters were
measured in 1/10 oregano concentrations to be 15, 19 and 16 mm for Salmonella
gallinarum, Salmonella enteritidis and Salmonella typhimurium, respectively. This study
declared that in the second protocol oregano extract with different concentrations (20
and 30 pl/ml) were added into medium content and bacterial growth were evaluated.
Colony counts for S. tyhphimurium and S. enteriditis were 952; 536 and 1600; 440 in 20
and 30 pl/ml concentrations of oregano extract, respectively. Babacan et al. (2012)
reported that oregano extract had antibacterial effect on Salmonella serotypes according
to their results.
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4.2. Antioxidant Effects

Antioxidants are substances that delay and prevent lipid oxidation, and when added
to food, they reduce spoilage, prevent the formation of unsafe oxidation products, and
preserve nutritional quality (Alem, 2024). They also play a role in preventing oxidative
stress in both animals and plants (Sordillo, 2013; Zahrazadeh et al., 2018; Oner, 2023). A
study (Huang et al., 2021) reported that natural extracts exhibit antioxidant effects by
increasing the expression of antioxidant proteins heme oxygenase-1, superoxide
dismutase (SOD), and catalase.

4.3. Effects of Anti-inflammatory and Immune-Stimulant

The composition of nutrients can directly affect the immune responses of chicks. The
systemic immune system is strongly regulated by gut-associated lymphoid tissue
(Rafeeq et al,, 2023). Essential oils can strengthen the immune system and positively
affect animals by regulating the duodenal mucosa. Natural plants that regulate the
immune system can be used as alternatives to standard chemotherapy for disorders
such as immunodeficiency (Giiven, 2021). Phenols, terpenoids, and flavonoids are the
main anti-inflammatory secondary metabolites. Extracts of red pepper, cinnamon, black
pepper, ginger, clove, nutmeg, turmeric, mint, and cumin were reported to have anti-
inflammatory properties (Jalal et al., 2019). Plants such as echinacea, licorice, garlic, and
cat's claw contain chemical substances that stimulate the immune system. These plants
can increase the number of lymphocytes and macrophages, stimulate phagocytosis, and
promote interferon production (Gliven, 2021).

4.4. Effects on Growth Performance

Flavors can make feeds more attractive. It is reported that feed intake is encouraged
not only by the taste of the feed but also by its smell, texture, color, and the balance of
the compound feed content (Alem, 2024). A study on broilers (Kumar et al,, 2014) found
that black pepper improved the feed conversion ratio (FCR). Capsaicin has been found to
increase the amount of pancreatic and intestinal enzymes in non-ruminant animals by
increasing saliva secretion (producing amylase) (Costa et al., 2013). It has been reported
that increasing amounts of garlic powder supplementation in compound feed increased
the FCR in laying hens (Asrat et al., 2018).

In broilers, growth promotion, live weight gain (LWG), and FCR can be achieved
through improved feed intake (FI) and feed utilization, inhibition of bacterial pathogens,
and modulation of gut microflora that improves gut health. Moreover, improvements in
nutrient digestion and absorption through enhanced gut functions, direct and indirect
anabolic activity in target tissues, and activation of endocrine and antioxidative defense
systems may be other principles of growth promotion by phytobiotics. However, the
mechanisms underlying the effects of phytobiotics are not fully explained (Rafeeq et al.,
2023).

The gut is an organ responsible for performing vital functions, including digestion and
host defense. Any disruption in gut function can affect nutrient digestion, which can
negatively impact the health and growth performance of chickens (Mishra & Jha, 2019;
Abdul Basit et al, 2020). Intestinal crypts are thought to be the basis for the
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differentiation of epithelial cells of intestinal villi. Additionally, the depth of the crypts is
directly related to the rotation of epithelial cells. Deeper crypts reflect increased cell
turnover and require more energy to maintain normal gut function in broilers (Abdul
Basit et al.,, 2020). Current research results show that phytobiotics have beneficial
effects on intestinal crypts, making them shallower, which indicates a healthy gut. The
presence of shallow crypts means reduced cell turnover and, consequently, reduced
energy use, which can instead be used for the growth processes of broilers (Abdul Basit
et al., 2020). Increased height of intestinal villi and decreased depth of intestinal crypts
enhanced the absorption capacity of the small intestine. Longer intestinal villi prevent
faster passage of food and increase nutrient intake, leading to increased poultry
productivity and FCR (Ortatath et al,, 2005; Tavangar et al., 2021). Studies have shown
that the use of ginger and green tea in the compound feed of chickens increases the size
of villi, leading to increased surface area for nutrient absorption and cell division in
various parts of the intestine, and reduced risk of pathogenic microbiota (Gadang et al.,
2008; Gilani et al., 2021).

5. Use in Poultry Nutrition

In the last few decades, medicinal and aromatic plants (MAPs) have been widely used
in poultry compound feeds in many countries (Yesilbag, 2007). The use of herbal
extracts and essential oils in poultry helps animals cope with stress factors such as
stocking density and heat stress, increases the number of beneficial microorganisms in
the digestive tract, and improves feed conversion ratio (FCR) (Giirsoy, 2021; Aydin,
2023; Okey, 2023). Additionally, it is reported that the phenolic compounds in herbal
extracts enhance oxidative stability and prevent the adverse effects of stress (Aydin,
2023).

Since the immune systems of chicks hatched from eggs are not fully developed,
proper nutrition in the early stages is extremely important. Therefore, it has been
reported that adding herbal extracts and essential oils to poultry rations during the
early development stage is more beneficial (Kahraman, 2009). This can promote feed
intake (FI), improve live weight (LW), live weight gain (LWG), and FCR, and activate
digestive enzymes (Giirsoy, 2021). Additionally, this can lead to improvements in
carcass quality and a reduction in mortality rates (Yesilbag, 2007). There are numerous
studies on the use of MAPs in poultry.

In a study by Sahin et al. (2012), echinacea (1 and 5 g/kg) was added to quail feeds.
They reported that these additions had no effect on LW, LWG, FI, FCR, and carcass yield.
In a study on Japanese quails exposed to cold stress (iflazoglu et al., 2015), the effects of
saponin-enriched soapwort extract added to the ration on performance, some carcass
characteristics, blood parameters, and mortality rate were examined. No differences
were found between the groups in terms of performance, carcass characteristics,
mortality rate, low-density lipoprotein (LDL), total cholesterol, alanine
aminotransferase (ALT), and aspartate aminotransferase (AST) levels.

In a study on quails using juniper oil as a natural antioxidant (Yesilbag, 2018), the
effects of this oil on growth performance were investigated. It was reported that live
weight gain and carcass weight increased, and juniper oil could be considered a natural
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antioxidant to improve performance. In a study by Sara¢ (2019), it was reported that
thyme (Origanum onites) essential oil (0, 100, 200, and 400 ppm) did not affect
performance parameters, serum biochemical and antioxidant values, and carcass yield
in broiler compound feeds. In a study by Jobe et al. (2019) to determine the effects of
different stocking densities (5, 10, 20 m?/animal) and different ratios of senna extract
(0,50, 200, 500 mg/kg) on performance and oxidative stress in chickens, it was reported
that FI was lower in the group with high stocking density. In the group with 500 mg/kg
senna extract, growth performance decreased, and oxidative stress was reduced.

In a study by Das et al. (2020), the effects of adding mint oil (0%, 0.1%, 0.2%, and
0.3%) to quail compound feeds on meat quality, fattening performance, carcass
composition, and oxidative stress parameters were investigated. It was reported that
performance parameters (LW, LWG, FI, FCR), carcass composition, and meat quality
parameters (carcass color-pH) were not affected, and there were no differences between
the groups (P>0.05). In a study by Reda et al. (2021) on quails, the effects of licorice
(Glycyrrhiza glabra) (0, 250, 500, 750, and 1000 mg/kg) on performance parameters
(LW, LWG, FI, FCR), oxidative status, immunity, and lipid profile were examined. It was
found that performance values were best in the groups with 750 and 1000 mg/kg
licorice. Additionally, the group with 750 mg/kg licorice had higher total protein and
globulin levels, while LDH, total cholesterol, triglyceride, and LDL values were lower.
Compared to the control group, serum malondialdehyde (MDA) levels decreased, while
superoxide dismutase (SOD), tricarboxylic acid (TAC), immunoglobulin G, and M
increased.

6. Conclusion

Projections for poultry meat and egg consumption indicate that demand will continue
to increase daily. The conscious consumer is interested in purchasing the highest quality
products. Production conditions, including feed quality, naturalness, and welfare levels,
are expressed as important criteria for this consumer group. Consequently, the use of
medicinal and aromatic plants and the extracts and essential oils derived from them will
become an increasingly widespread trend in societies, and animal nutrition will also
take its necessary share from this change. After the ban on the use of antibiotics as feed
additives in animals, it will be inevitable to permanently add essential oils and plant
extracts to poultry compound feeds as natural and health-enhancing additives. Today,
the popularity of medicinal and aromatic plants is also increasing due to their
antimicrobial, antioxidant, growth-promoting, immunostimulant, flavoring, and
preservative effects. It is also inevitable that these plants will provide new perspectives
in the nutrition of both humans and animals due to their positive effects on poultry
health and their many functional properties. However, there are still some gaps in the
mechanisms related to the beneficial effects of herbal extract or essential oil
supplements in poultry farming and in determining effective doses. Therefore, future
studies should investigate all the mechanisms of action of effective extracts and oils
obtained from medicinal and aromatic plants in poultry and develop these products.
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ARTICLE INFO ABSTRACT

Article history: The tropics, particularly Nigeria, have been plagued by reduced meat production, antibiotic resistance,
Received 23.03.2025 lipid peroxidation of meat and meat products, and subpar animal performance. The health and
Accepted 27.05.2025 agricultural sectors have been severely impacted by the food crisis, the risk of farmers and animal
Available online 20.06.2025 producers not adhering to antibiotic withdrawal periods, and the high temperatures experienced in

the tropics. Over time, antibiotic resistance causes cancer in the end users. On the other hand, meat

degradation or spoiling has been linked to lipid peroxidation, which is brought on by high
temperatures that create oxidative stress conditions. This paper looks at the basic issues that rabbit

farmers face as well as the beneficial solutions that may be implemented through the administration of
Keywords:

o essential oils and phytogenic feed supplements, as well as the effects these treatments have on various
Essential oils

physiological, reproductive, and nutritional parameters. The study used a qualitative analysis

General performance approach and drew on secondary sources, including internet publications, textbooks, and journals.
Blood Phytogenic supplementation has been found to promptly enhance consumer health and increase
Semen animal output by improving production indices and providing a suitable remedy to the challenges
Carcass and meat quality associated with antibiotic resistance and lipid peroxidation brought on by climate change.

Tavsanlarda fitojenik yem takviyelerinin besleyici etkileri, fizyolojik tepkileri ve
iireme parametreleri iizerine sistematik bir inceleme

MAKALE BILGISI OZET

Makale Gegmisi: Tropikal bolgeler, ozellikle Nijerya, azalan et iiretimi, antibiyotik direnci, et ve et iriinlerinde lipid
Gelis 23.03.2025 peroksidasyonu ve diisiik hayvan performansi gibi sorunlarla kars1 karsiyadir. Gida krizi, ciftgilerin ve
Kabul 27.05.2025 hayvan freticilerinin antibiyotik ¢ekilme siirelerine uymama riski ve tropik bolgelerdeki yiiksek
Cevrimi¢i mevcut 20.06.20257 sicakliklar, saglik ve tarim sektorlerini ciddi sekilde etkilemektedir. Zamanla, antibiyotik direnci nihai

tiiketicilerde kansere yol agabilir. Ote yandan, yiiksek sicakliklarin oksidatif stres kosullar1 yaratmasi
nedeniyle ortaya ¢ikan lipid peroksidasyonu, etin bozulmasiyla iligkilendirilmistir. Bu makale, tavsan

Anahtar Kelimeler: yetistiricilerinin karsilagtigi temel sorunlar1 ve bu sorunlara esansiyel yaglar ile fitojenik yem takviyeleri
Esansiyel yaglar yoluyla uygulanabilecek faydali ¢éziimleri ele almakta ve bu uygulamalarin gesitli fizyolojik, tireme ve
Genel performans beslenme parametreleri iizerindeki etkilerini incelemektedir. Calisma, nitel analiz yaklagimi kullamlarak
Kan gerceklestirilmis olup, internet yayinlari, ders kitaplar1 ve akademik dergiler gibi ikincil kaynaklardan
Semen yararlanilmistir. Fitojenik takviyelerin, liretim parametrelerini iyilestirerek hayvan verimliligini artirdigi,
Karkas ve et Kkalitesi antibiyotik direnci ve iklim degisikliginin neden oldugu lipid peroksidasyonuna kars etkili bir ¢oziim

sundugu ve boylece tiiketici saghigini hizla iyilestirdigi bulunmustur.

1. Introduction

The demand for animal protein is steadily increasing as a result of the world's
population expansion, rising incomes, and shifting consumer tastes (Anaso 2023a; FAO,
2009). The severe meat shortage in Nigeria brought on by farmer-herder conflicts, the
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global pandemic, and unfavorable economic policies has forced livestock farmers to
enhance the use of feed resources, the health of their animals, and the amount of meat
that they produce (Emmanuel and Alhassan, 2025; Anaso et al., 2024b; Anaso et al,,
2021). The cultivation of extremely productive monogastrates with brief production
cycles, such as rabbits, can helps fill this gap (Anaso et al., 2024b). Because of their high
fertility and quick growth rates, rabbits are a great source of animal-based meat and
protein (Anaso, 2024; Dalle and Zotte, 2002). High-quality rabbit meat is distinguished
by its low calorie content, sufficient animal protein, and polyunsaturated fatty acids (EI-
gogary et al., 2018). One of the main climatic factors that always affects rabbit farming
and productivity is the tropical climate, which is characterized by high temperatures.
Rabbits have a restricted ability to adapt to hot temperatures since they rely heavily on
respiratory evaporation to regulate their body temperature (Mailafia et al, 2010).
Oxidative stress causes lipid peroxidation, a significant issue in rabbit production that
degrades the final product (meat) (El-gogary et al, 2018). Furthermore, because it
produces malondialdehyde and other harmful chemicals, lipid oxidation has a negative
effect on the quality of meat (Anaso, 2023b). According to reports, the latter has a
detrimental effect on people's health (Koné et al.,, 2016; Cardinali et al., 2015). Other
than antibiotics and ionophores, feed additives have recently been employed to improve
rabbit productivity and reproductive performance as well as feed utilization (Ismail et
al., 2019; Tufarelli et al., 2017; Dhama et al., 2015;). To increase feed efficiency and
animal health, feed additives have been used in ruminant diets (Kholif et al., 2017, 2020;
Morsy et al., 2018) and more recently in monogastric diets for horses (Elghandour et al.,
2016; Elghandour et al., 2014) and rabbits (Abo Hafsa et al., 2016; Gado et al., 2016;
Cervantes Valencia et al., 2015). In animal feed, feed additives like essential oils (EOs),
spices, and herbs have been effectively used to reduce Pseudomonas species,
Enterobacteriaceae, and total mesophilic aerobes (Tufarelli et al, 2017; Koné et al,,
2016; Soultos et al., 2009). The threat of antibiotic-resistant bacteria and the recent
prohibition of antibiotic growth promoters by several nations have forced the search for
alternatives to increase animal productivity while reducing negative effects on human
consumers. The use of phytogenics as alternative feed additives in animal nutrition has
been the subject of much research as a result of this ban. Essential oils and other
phytogenic materials are widely utilized in the food and feed industries and are usually
thought to be safe. As a phytogenic feed ingredient, EOs' effects on livestock's intestinal
health, antioxidant status, and antibacterial activity are thought to be crucial for
biological processes (Ahmed & Abdallah, 2020). According to Miguel (2010), essential
oils, also known as volatile oils, are mostly aromatic, oily liquids that are extracted
through distillation from various plant components, including flowers, buds, seeds,
leaves, twigs, bark, wood, fruits, and roots. These extracts are steam-volatile or, more
accurately, organic solvents that have been employed for ages in a variety of cultures
around the world. They are mostly recognized for their flavorful and fragrant qualities,
as well as their ability to preserve food (Anaso, 2023b). Terpenes, alcohols, acetones,
phenols, acids, aldehydes, and esters are among the many distinct chemicals that are
typically included in EOs (Negi, 2012). These compounds can defend against attacks by
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bacteria, fungi, or insects. Numerous beneficial impacts on feed utilization, animal
health, and rabbit live performance have been documented by studies on EOs (Celia et
al,, 2016).

According to Anaso (2023a) and Anaso (2023b), using essential oils and phytogenics
as supplements or administrations can help Nigeria address the issues of antibiotic
resistance and lipid peroxidation, which causes meat to spoil. Essential oils and
phytogenic supplements can be used in conjunction with antibiotics to provide
improved results and reduce the risk of noncompliance with withdrawal periods (Anaso,
2023a). The administration of essential oils and phytogenics as supplements to livestock
diets has been shown to increase productivity without compromising health in
numerous empirical studies (Ceraulo et al., 2022; Ilyas & Sapuan, 2020).

2. Literature Review

The following are the factors of essential oil supplementation to be considered:

L. Effect of phytogenic supplements and essential oil on voluntary feed intake,
digestibility and body weight gain

IL. Effect of phytogenic supplements and essential oil on apparent digestibility
and nutrient utilization

1L Effect of phytogenic supplements and essential oil on Blood profile and
oxidative stress indices

IV. Effect of phytogenic supplements and essential oils on semen characteristics

V. Effect of phytogenic supplements and essential oils on body thermoregulatory
parameters

VL Effect of phytogenic supplements and essential oil on carcass characteristics

and meat quality
VII.  Effect of phytogenic supplements and essential oils on caecal microbial and
fermentation profile
2.1. Effects of Phytogenic Supplements on Voluntary Feed Intake, Digestibility and
Body Weight Gain
Anaso et al. (2025b) in an experiment using forty-five clinically healthy weaned male
Dutch rabbits of about five weeks of age were used in a 12-week experiment. The rabbits
were randomly divided into three treatment groups, with fifteen rabbits per group, and
balanced for their body weight such that rabbits in each group had similar average
initial body weight (BW) of 262.89 + 22.36 g in a completely randomised design.
Treatment 1 was a basal control diet without Piliostigma thonningii essential oil (PEO)
supplementation (T1). In treatments 2 and 3, the basal control diet was supplemented
with 2 ml PEO/kg diet (T2) and 4 ml PEO/kg diet (T3), respectively. Anaso et al. (2025b)
reported that supplementation with PEO significantly improved feed and nutrient intake
in rabbits. In their study, which examined the effects of PEO on nutrient intake, serum
biochemical parameters, and immune/oxidative stress responses, a progressive increase
was observed across treatment groups in the intake of dry matter (DM: 28.32-40.80
g/day), crude protein (CP: 4.68-6.74 g/day), ether extract (EE: 0.64-0.92 g/day), crude
fibre (3.77-5.42 g/day), neutral detergent fibre (NDF: 9.07-13.08 g/day), acid detergent
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fibre (ADF: 5.30-7.63 g/day), ash (2.67-3.85 g/day), organic matter (OM: 25.64-36.95
g/day), and nitrogen-free extract (NFE: 16.56-23.85 g/day). These parameters showed
statistically significant differences (P < 0.05), with the highest values recorded in the T3
group and the lowest in the T1 group. The authors attributed these improvements to the
organoleptic properties of PEO, which is a monoterpene hydrocarbon containing
bioactive compounds such as B-myrcene and limonene. These compounds are believed
to enhance feed palatability, particularly at higher inclusion levels, thereby promoting
increased feed consumption in the T3 group.

According to El-Nomeary et al. (2020), a number of essential oils, including juniper,
cinnamon, and garlic, were added to the basic diet as feed additives at a rate of 0.5
milliliters per kilogram of rabbits’ food. This supplementation did not negatively impact
the rabbit's overall performance, however it positively impacted on its growth and
digestion indicated by improved the feed conversion ratio (FCR) in experimental
rabbits. About 72 post weaned male New Zealand White rabbits were used in the
experiment. The results highlighted garlic essential oil increased the total body weight
gain and average daily weight gain by approximately 12.4% compared to the control

group.
Similarly, Ahmed et al. (2019) found that rabbits administered dietary supplements

of phytogenics and Eos’ such thyme oil (THY) and betaine (BET) had considerably
higher digestible energy and dry matter digestibility.

Ahmed et al. (2019) conducted an eight-week experiment with 72 growing New
Zealand white (NZW) male rabbits divided into 9 experimental groups. While the other
groups were given the same basal diet supplemented with 1500 mg BET (T2), 750 mg
BET (T3), 1000 mg THY (T4), 500 mg THY (T5), 1500 mg BET and 1000 mg THY (T6),
1500 mg BET and 500 mg THY (T7), 750 mg BET and 1000 mg THY (T8), and 750 mg
BET and 500 mg THY (T9), the control group was given a basal diet without
supplementation (T1). The findings also demonstrated that rabbits fed T2, T3, T4, T6,
and T9 diets had significantly higher digestible energy and feed dry matter digestibility.
Unlike EI-Nomeary et al. (2020), they found that rabbits fed the T4, T5, T7, T8, and T9
diets had significantly lower levels of ammonia nitrogen and total volatile fatty acids in
their cecum content when compared to those fed the control diet (T1). It was
determined that to increase the feed utilization, growth performance parameters, and
overall health of NZW rabbits, dietary supplementation with 1500 mg of betaine or 1000
mg of thyme oil/kg diet, or a combination of the two, at the same levels, is advised.

By examining the effects of supplemental dietary extra virgin olive oil (EVOO), gallic
acid (GA), or lemongrass essential oil (LGEO) on growth performance and nutrient
digestibility, Al-Sagheer et al. (2017) came to the conclusion that adding these oils to a
growing rabbit's diet could be an effective way to mitigate the negative effects of heat
stress load on performance, nutrient digestibility, and nutrient digestibility. According
to Ahmed et al. (2018), adding up to 100 mg of thyme essential oil (EO) to a rabbit's
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ration together with 1.50 g of olive oil can be a useful feed addition for young or growing
rabbits to enhance their performance in hot and stressful environments.

2.2. Effects of Phytogenic Supplements on Apparent Digestibility and Nutrient
Utilization

The bioactive substances in EOs have not yet described their mode of action (MOA)
well. However, the MOA of EOs on the digestion of nutrients has been explained by
several different mechanisms. According to several writers, using EOs might increase
the activity of digestive enzymes including trypsin and amylase (Jang et al., 2004). Other
authors have suggested that EOs can also increase the production and secretion of bile
acids (Platel and Srinivasan, 2004). Dry matter (DM) digestion was unaffected by the
addition of varying experimental amounts of EOs to the laying hen's diet, according to
Ding etal. (2017).

In comparison to the control group, Anaso et al. (2025d) found that rabbits
supplemented with PEO (T2 and T3) had similar and higher (P < 0.05) digestibility in
terms of dry matter digestibility (60.10 - 70.98%), crude protein digestibility (68.72 -
76.50%), crude fiber digestibility (34.69 - 46.03%), NDF digestibility (38.09 - 54.26%),
and organic matter digestibility (58.35 - 66.39%). Compared to T1 and T2, which
exhibited comparable digestibility (P> 0.05), T3's ether extract digestibility (53.92 -
73.26%) was higher (P < 0.05). T3 had the highest ADF digestibility (29.22-45.37%),
whereas T1 had the lowest (P < 0.05). However, T1 and T2 and T2 and T3 were equal (P
> 0.05). PEO supplementation was found to improve growth performance, feed
utilization efficiency, nutrient digestibility, and the caecal fermentation characteristics of
rabbits.

According to Radwan Nadia et al. (2008), the digestibility of organic matter (OM) was
unaffected by the addition of 0.5% to 1.0% of essential oils (EOs) from thyme, oregano,
rosemary, or curcuma to the diet of laying hens. According to Yu et al. (2018), laying
hens' ability to digest OM was enhanced by the addition of varying amounts of anise oil
(200, 400, and 600 mg/kg). However, other studies have found that adding EOs to laying
hens boosted their crude protein (CP) digestibility (Ding et al., 2017 and Yu et al.,, 2018).
However, no effect was discovered in another study (Radwan et al., 2008). In contrast to
the control, Arslan et al. (2022) found that the addition of EOs at 100 or 200 mg/kg
improved the digestion of dry matter, organic matter, and crude protein.

2.3. Effects of Phytogenic Supplements on Blood Profile and Oxidative Stress
Indices

The hematological parameters of the rabbits fed a diet supplemented with PEO are
shown by Anaso et al. (2024c). According to the research, across treatment groups,
Packed call volume (PCV) ranged from 38.00 to 49.95%, Hemoglobin (Hb) from 13.13 to
18.50 g/dL, Red blood cell volume (RBC) from 11.87 to 17.52 x106/L, White blood cell
volume (WBC) from 5.60 to 8.77 x109/L, Mean corpuscular hemoglobin concentration
(MCHC) from 29.80 to 35.91%, and neutrophil from 22.45 to 32.78% for T3 > T2 > T1 (P
< 0.05). T1 had lower values (P < 0.05) than T2 and T3, which had similar values (P >
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0.05). The Mean corpuscular volume (MCV), Mean corpuscular hemoglobin (MCH),
lymphocytes, monocytes, and platelets were 58.02, 64.02, and 65.12 fl; 17.46, 22.45, and
23.67 pg, 49.80, 70.40, and 73.07%; 1.28, 2.40, and 2.72% and 340.16, 530.74, and
580.11 x103/uL for T1, T2, and T3, respectively. Eosinophil levels in T3 were greater (P
< 0.05) than in T1 and T2, which were comparable (P > 0.05), and ranged from 1.36 to
2.22%. The neutrophil/lymphocyte ratio (0.41 - 0.45) was similar (P > 0.05) between T1
and T2, as well as between T2 and T3; however, it was greater (P < 0.05) in T3 than in
T1. Likewise, the serum biochemical characteristics of rabbits given PEO are displayed
by Anaso et al. (2025). With T1 having the lower value (P < 0.05) than T2 and T3, which
had similar (P > 0.05) values, the trends for serum total protein (4.12 - 7.61 g/dL),
serum albumin (2.40 - 4.77 g/dL), globulin (1.72 - 2.84 g/dL), glucose (104.05 - 148.58
mg/dL), and high-density lipoprotein (19.07 - 26.11 mg/dL) were similar. Serum
cholesterol was lower in T2 and T3 (P < 0.05) than in T1, with a range of 24.18 mg/dL in
T3 to 52.50 mg/dL in T1. Compared to T2 and T3, which were not substantially
impacted (P > 0.05), T1 had increased levels of low-density lipoprotein (42.37 - 71.91
mg/dL), triglycerides (64.74 - 120.70 mg/dL), AST (35.16 - 60.16 u/L), ALT (46.17 -
61.29 u/L), and ALP (6.44 - 11.27 u/L) (P < 0.05). Total bilirubin and direct bilirubin
were 4.43, 4.73, and 4.88 umol/L for T2, T3, and T1, and 0.66, 0.73, and 0.78 pmol/L for
T3, T1, and T2, respectively. In contrast, the mean values for uric acid, creatinine, and
albumin:globulin ratio were 3.43, 3.47, and 3.64 mg/dL, 2.14, 2.25, and 2.30 mg/dL, and
0.96, 1.13, and 1.22 g/dL for T1, T2, and T3, respectively. There was no difference
between the treatments (P> 0.05). According to Anaso et al. (2025), supplementing the
rabbits with P. thonningii essential oil improved their immunological response, oxidative
status, and serum blood profile.

According to Elghalid et al. (2020), administering lower (LA) and higher (HA) doses
of a recently created blend of herbal plants and spices enhanced with unique extracts
and essential oils reduced blood cholesterol, triglycerides, and low-density lipoproteins.
In contrast, the LA treatment raised total antioxidant capacity and high-density
lipoproteins while lowering malondialdehyde in comparison to the control treatment.
Three groups of thirty rabbits each were randomly assigned to a basal diet without
additives (Control rabbits) or supplemented with 0.5 mL (LA) or 1 mL (HA) of the
additives mixture per litre of drinking water. The experiment was carried out using
precisely 90 weaned unsexed V-Line rabbits, weighing 668.7+8.2g and aged 30+1days.
The effectiveness of rosemary essential oil (REO) as a feed addition on the growth and
blood components of growing NZW rabbits was also described by El-Gogary et al.
(2018). Four groups of specifically thirty-six NZW were created: three treated groups
and one control group. Groups 2, 3, and 4 received feeds supplemented with 0.25, 0.50,
and 0.75 g/kg REO, respectively, whereas the control was given the basal diet.
Therefore, it was determined that REO at 0.5 g/kg of diet has a positive effect on rabbits’
antioxidant state and immunity. A total of seventy NZW male rabbits at approximately
five weeks of age with similar or equal body weight were randomly assigned into seven
treatment groups (10 rabbits in each group), and Bassiony et al. (2015) similarly
reported a significant improvement in some blood hematology WBC, RBC, Hb, and
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lymphocytes when compared to the control. As a control, group one was given the basic
diet without any supplements. Groups two, three, and four were given the basic diet
plus 50, 100, and 200 mg of cinnamon aldehyde per kilogram of food, respectively. 50,
100, and 200 mg of thyme/kg food were added to the basic diet for groups five, six, and
seven, respectively. Similar findings were reached by Abdelnour et al. (2018), who used
140 male New Zealand white rabbits that were growing weaned and found that dietary
red pepper oil (RPO) or black pepper oil (BPO) supplementation greatly enhanced rabbit
growth, improved immunity parameters, and enhanced antioxidant activity. Seven
groups, each consisting of five rabbits and four rooms, were randomly selected from
among the rabbits. At 13 weeks of age, the trial came to an end after eight weeks. The
following dietary interventions were employed: C: control; RPO 0.5: 0.5 g RPO/kg food
and basal diet; RP01.0: 1.0 g RPO/kg diet; RP01.5: 1.5 g RPO/kg diet; BPOO0.5: 0.5 g
BPO/kg diet; BPO1.0: 1.0 g BPO/kg diet; and BPO1.5: 1.5 g BPO/kg diet.

2.4. Effects of Phytogenic Supplements on Semen and Seminal Morphological
Characteristics

As demonstrated by the significantly greater seminal characteristics or parameters,
such as semen volume, motility, concentration, normal cells and life cell ratio, testis
length, weight, volume, and epididymis head weight, Anaso et al. (2023) found that the
inclusion of PEO in rabbits' diets was advantageous and did not pose any risks.
Comparably, the results of Anaso et al. (2024a) demonstrate that the inclusion of PEO in
rabbits’ diet was advantageous and did not offer any risks, as evidenced by the
significantly improved right and left testis length, weight, and volume.

According to El-Ratel et al. (2021), rabbit bucks randomly assigned to four
experimental treatments of exactly ten rabbits each showed improvements in libido,
vitality, sperm cell concentration, sperm outputs, intact acrosome and membrane
integrity, progressive motility, and fertility when supplemented with extra virgin olive
oil (EVOO), betaine (BET), or ginger (GIN). The first treatment served as the control
group and was fed the commercial pellet diet (CPD) without any supplements. For three
consecutive months throughout the summer (warm) season, the other three treatments
were given the same basal CPD augmented with 300 milligrams of EVOO, 1000 mg of
BET, and 200 mg of GIN per kilogram of diet.

In line with earlier research, Ahmed and Abdallah (2020) found that, after the
conclusion of treatments, thyme essential oil (TEO) improved sperm motility, viability,
and ejaculate volume in comparison to the positive control (PC) and negative control
(NC) groups. In a study employing approximately 150 male Californian rabbits that were
70 days old and divided into five dietary treatments-a basal diet as a negative control, a
basal diet supplemented with an antibiotic as a positive control, and a basal diet
supplemented with 60, 120, or 180 mg/kg of TEO-it was found that abnormal sperm
was significantly decreased with increasing TEO when compared to PC and NC groups.
The duration of the experiment was roughly sixty days.
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2.5. Effect of Phytogenic Supplements on Body Thermoregulatory Parameters of
Rabbits

According to Anaso and Alagbe (2025), supplementing with P. thonningii essential oil
improved body thermoregulation by lowering the experimental rabbits' serum mineral
profile and temperature.

Extra virgin olive oil, betaine, lemongrass essential oil, gallic acid, vitamin C, and
vitamin E supplements were found to have beneficial and mitigating effects on the
rearing and growth of rabbits under extreme heat load in terms of decreased body
temperatures (Daader et al, 2018). In this trial, rabbits were given either a diet that
contained no supplements (the control group) or a supplement that contained either
200 mg of vitamin E, 1000 mg of betaine, 400 mg of lemongrass essential oil, 500 mg of
garlic acid, 15 g of extra virgin olive oil, or 500 mg of vitamin C per kilogram of the basal
diet.

2.6. Effect of Phytogenic Supplements on Carcass Characteristics and Meat Quality

Benlemlih et al. (2014) conducted a study to examine the effects of antibiotics and
dietary supplements of thyme and fennel essential oils on rabbits' caecal microbiota and
zootechnical parameters. About 40 white New Zealand rabbits that had just been
weaned and were about 35 days old were split up into two groups and given two
different dietary treatments: EOFT (a diet that included essential oil of Feoniculum
vulgaris and Thymus capitatus) and OTC (a diet that included oxytetracycline in drinking
water). After roughly 25 days of the experiment, the OTC group's mean carcass yield was
higher than the EOFT group's. In contrast to the findings of Benlemlih et al. (2014), Denli
et al. (2004) found no impact on carcass weight or carcass yield when quail were fed
thyme essential oil. In a similar vein, Bassiony et al. (2015) investigated and assessed
the impact of varying concentrations of cinnamaldehyde and thymol as essential oil
bioactive compounds on growth performance, carcass traits, certain blood and caecum
characteristics, and the economic efficiency of growing rabbits. They found that dietary
treatments had no discernible effects on the relative weight of the carcass, digestive
tract, abdominal fat, and caecum weight and length.

According to Rhouma et al. (2018), who carried out a study to assess the impact of
varying thymol concentrations on zootechnical performances, caecal microflora, and the
quality of rabbit carcass during the summer, adding thymol to the diet had no
discernible effect on carcass yields during this time. Anaso et al. (2024d) found that
supplementing the experimental rabbits with P. thonningii essential oil improved their
carcass characteristics. They found that the ideal supplementation level was 4 ml
PEO/kg diet, which was more effective at increasing the dressing percentage without
compromising the meat's organoleptic qualities.

2.7.  Effect of Phytogenic Supplements on Microbial and Fermentation Profile

Studies are required to assess the efficacy of antibiotics and comprehend the
mechanisms underlying bacterial resistance because the current growth of multidrug-
resistant bacteria has presented a serious threat to public health in Nigeria and
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throughout Africa (Anaso and Alhassan, 2025). In comparison to the control treatment,
Elghalid et al. (2020) found that both higher and lower dose mixtures of herbal plants
and spices enriched with special extracts and essential oil increased beneficial
Lactobacillus spp. bacteria and decreased the concentrations of coliform bacteria and E.
coli. They also found that the additives mixture improved feed conversion and daily gain
and positively altered the caecal bacteria profile, with the lower dose of the phytogenic
additives mixture having better results than the high dose. P. thonningii essential oil
supplementation enhanced feed utilization, nutrient digestibility, growth performance,
and decreased caecal pathogenic bacterial counts, all of which improved the
experimental rabbits' health state, according to Anaso et al. (2025b). Similarly, Rhouma
et al. (2018) shown that the quantity of Lactobacilli and E. coli is significantly impacted
by the presence of thymol. In fact, the rabbits who received the two thymol dosages had
more Lactobacilli than the control group. Furthermore, the quantity of E. coli in
treatment one was decreased by this supplementation. Ninety rabbits (35 days old)
were split up into three equal groups for this experiment: T: the thymol-free control
group and the two thymol-containing groups (T1 and T2), which were given 200 and
300 g/T of thymol, respectively. From day 35 to day 77, duplicates of six rabbits were
fed each of the three diets. However, Benlemlih et al. (2014) found no difference in the
caecal counts of E. coli and C. perfringens between the OTC (diet with oxytetracycline in
drinking water) and EOFT (diet with essential oil of Feoniculum vulgaris and Thymus
capitatus) diets. 40 white New Zealand weaned rabbits (35 days old) were split into two
groups and given the dietary treatments EOFT and OTC in this experiment.

3. Conclusion

Important bioactive substances with pharmacological actions and qualities,
including antioxidant, antibacterial, and anti-inflammatory qualities, are included in
phytogenic feed supplements that enhance rabbit growth performance, carcass features,
caecal fermentation, feed and nutrient intake, nutrient digestibility, and feed utilization
efficiency. By decreasing the number of harmful bacteria (E. Coli, Coliform, and
Streptococcus spp.) and increasing the number of beneficial bacteria (Lactobacillus spp.),
phytogenic feed supplements improve the caecal microbial profile of rabbits. They also
lower rectal temperature while improving the rabbits' blood profile, oxidative status,
and immune response. Additionally, supplementing the experimental rabbits' diet with
phytogenic feed increases their capacity for reproduction.

4. Recommendations

All levels of government should support universities through agricultural
research institutes, faculties of agriculture, and ministries of agriculture so that they can
conduct additional research and work with veterinary pharmaceutical companies on
simple and inexpensive extraction methods, which will increase production levels.
Legislation prohibiting the illegal use of antibiotics should be a top priority for
governments at all levels. This is because essential oils and phytogenic feed ingredients
can be used to increase animal output.
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