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Abstract

For sustainable intensification of rabbit industry, it is imperative to explore the potential of non-conventional feed resources.
The researchers were driven to discover solutions for the shortage of feed in livestock production because of the ongoing
rise in costs associated with conventional feed resources. Their efforts were directed at enhancing conventional sources and
investigating alternative feed sources, including agricultural and agro-based industrial by-products. Therefore, the review
examines the possible advantages of using guava leaf extract (Psidium guajava) as an example of non-conventional feed
additive to improve the growth performance and overall health of commercially raised rabbits. Guava leaf extract contains a
high concentration of bioactive substances, such as antioxidants, vitamins, and vital minerals. These substances have dem-
onstrated advantageous effects on the feed efficiency, growth rate, and overall health of rabbits. This review article provides
a thorough analysis of the current understanding and updates the knowledge about the physiological effects of adding guava
leaf extract to rabbit diets, with a specific emphasis on its economic benefits. The findings demonstrated notable enhance-
ments in feed conversion efficiency, growth rate, and immune system functionality, coupled with reductions in the total
lipids levels and pathogenic microorganisms. Potential avenues for future investigation encompass the refinement of dosage,
examination of synergistic impacts with other dietary constituents, and implementation of extended studies to validate the

enduring advantages.
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Introduction

Over the past decade, there was a witnessed increase in the
rabbit industry due to the large meat yield of the animals
with their high reproductive efficiency, rapid growth rate,
compact sizes were previously reported (Abd El-Aziz et al.
2020, 2022, 2024a, b). Rabbit production also offers several
advantages in the context of environmental sustainability,
particularly due to the species'efficient feed conversion
capacity. The sustainability of meat production systems
is largely influenced by their biological efficiency, which
is closely associated with the animal's ability to convert
dietary inputs into edible meat (Cesari et al. 2018). Notably,
rabbits can convert approximately 20% of the protein they
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consume into muscle tissue comparable to that of poultry,
which ranges from 22 to 23% (Jiang et al. 2020; Kumar
et al. 2025). This protein conversion efficiency in rabbits
surpasses that of many conventional livestock species, such
as beef cattle (8—12%) and pigs (16-18%). Such high effi-
ciency in protein utilization not only supports economic
productivity but also contributes to lowering the environ-
mental footprint of meat production systems. Furthermore,
the remarkable adaptability of rabbits to diverse environ-
mental conditions and their ability to thrive on agricultural
by-products and food waste further enhance their sustain-
ability profile (Hernandez 2008; Sanah et al. 2022). There-
fore, promoting rabbit farming could significantly contrib-
ute to global food security and offer economic opportunities,
particularly in low- and middle-income countries (Kumar
et al. 2025). Importantly, this elevated efficiency highlights
the need for continuous optimization of rabbit diets through
strategic use of feed additives aimed at enhancing growth
performance and economic returns. Nevertheless, the grow-
ing of the rabbit and poultry sectors in Egypt along with
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many other developing countries, is hindered by increas-
ing costs and scarcity of traditional feed ingredients (Abd
El-Ghany 2024; Abdelghani et al. 2024; El-Manylawi and
El-Banna 2013). Vast amounts of byproducts result from the
rapid expansion of agro-industrial processing worldwide,
resulting in environmental pollution caused by improper
disposal methods (Freitas et al. 2021). Yet, these byproducts
contain bioactive compounds that have potential to decrease
oxidative stress and improve overall health (Quintero-Her-
rera et al. 2023; Reguengo et al. 2022). It is essential to
mitigate environmental risk and economic sustainability by
efficiently repurposing these byproducts. The huge volumes
of agro-industrial waste in Egypt represent an underutilized
resource that can be added to animal diets to mitigate nutri-
tional deficiencies and decrease feed costs (Gaur et al. 2020;
Quintero-Herrera et al. 2023). Guava (Psidium guajava
Linn), widely cultivated plant in the tropical and the sub-
tropical regions; has become an important agro-industrial
by product source. Guava leaves are traditionally discarded
as waste; however, they are rich, containing bioactive com-
pounds, tannins, flavonoids, saponins, terpenoids, and poly-
phenols have antioxidant, anti-inflammatory and antimicro-
bial properties (Kumar et al. 2021; Wang et al. 2021). They
also have health benefits. For example, fighting metabolic
disease, improving respiratory health and treating infections
(Carolino et al. 2022). In addition, guava leaf extract (GLE)
has been proven effective in food preservation whereby it
prevents bacterial growth or a possible bacterial strain form
E. coli, Shigella, Staphylococcus and Clostridium, which
also extends the shelf life (Raj et al. 2023). In recent years,
Guava leaf extract (GLE) has been studied as a natural
option to synthetic additives in animal feed, and these stud-
ies have brought promising results. For instance, (Kumar
et al. 2021) reported that GLE acts as an antioxidant, anti-
microbial, anti-inflammatory, anti-diarrheal agent. These
properties put GLE in a good position to replace antibiotics
in the feed in livestock systems, which is currently a global
issue regarding the counteraction with antibiotic resistance
in the animal’s production systems (Golovinskaia and Wang
2023; Kumar et al. 2024). Moreover, it has been noticed an
increase in growth performance, improved health status,
and reduced lipids in broilers supplemented with guava leaf
meal (Daing et al. 2021). Similarly, guava byproducts have
successfully been added to the diets of finishing lambs up to
30%, exhibiting economic and nutritional benefits without
any adverse health problems (Nobre et al. 2020). Despite
these promising findings, there are few studies that present
the overall impact of GLE in rabbits that provides a range
of changes from molecular to physiological levels. While,
Morsy et al. (2019) showed that dietary GLE supplementa-
tion might significantly enhance growth performance and
selected blood biochemical characteristics, nonetheless,
key questions relating to action mechanisms, immunity,
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hormones, and histological alterations resulting from GLE
supplementation are still unanswered. Further, no detailed
report on the negative effects/risks of using GLE supple-
ment and the potential risks involved have not been pre-
sented adequately. By synthesizing and increasing available
information on GLE’s effectiveness in rabbit farming, this
review intends to fill these gaps. Specifically, it scrutinizes
its impact on growth rate, nutrient utilization, blood charac-
teristics, immune system, carcass characteristics and profit-
ability. The review also describes the processes by which
GLE possesses antiradical, antioxidant, anti-inflammatory,
and immunomodulatory properties and analyzes the con-
sequences to offer a critical perspective of the benefits and
hazards of its use.

To gather the relevant literature, we performed a thorough
search of peer-reviewed journals, databases, and academic
repositories to collect pertinent literature using preset key-
words such as Guava, Psidium guajava, rabbit diet, guava
leaf extract, growth performance, immunity, carcass traits,
economic efficiency and health factors. Rigorous inclusion
and exclusion criteria were implemented to guarantee the
inclusion of only high-quality, relevant studies, so generating
a solid basis for our results.

This systematic review aims to elucidate the impact of
Guava leaf extract supplements on rabbit nutrition and pro-
vide novel insights and recommendations for formulating
focused strategies to improve performance, health, and wel-
fare for sustainable rabbit production.

Nutritional and phytochemical profile
of guava

Guava possesses an exceptional array of bioactive com-
pounds. The desiccated pomace is composed predominantly
of seeds (94%) and skins (6%) (Abd El-Ghany 2024; Denny
et al. 2013; Nicanor et al. 2001). Nutritional research reveals
a high crude fiber content (61%), ether extracts (12%), and
energy value (1336 kcal/kg), in addition to linoleic acid and
other advantageous chemicals (Lira et al. 2011). Moreover,
guava's essential oils comprise several substances such as
a-pinene, 1,8-cineole, and terpineol, which enhance its anti-
bacterial and antioxidant properties (Ramadan et al. 2009).
The ethanolic and methanolic extracts of this plant contain
flavonoids (quercetin, guaijaverin), polyphenols, kaempferol
and phenolic acids (corosolic and ursolic). They showed that
bioactive molecules present in it is capable of exhibiting
antibacterial, antioxidant as well as anti-inflammatory prop-
erties (Chen and Yen 2007; Nguyen et al. 2023). Discover-
ies from Psidials L and M and Psipinene contribute to the
medicinal array of Guava and show prospects for the further
utilization of this fruit (Sherif et al. 2023).
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Mechanism of guava leaf extract
Antioxidant properties

One of the major guava leaves properties is that they con-
tain phenolic compounds including quercetin, ferulic and
gallic in high levels, all of which are effective antioxidants.
These compounds scavenge reactive oxygen species (ROS)
and decrease oxidative stress which determines growth and
immune status of rabbits. Research proves that polyphe-
nols found in the guava leaf extract offer protection to cells
against damage, optimize the metabolic rate and increase the
immunity of body (Abd El-Ghany 2024; Abdelghani et al.
2024; He and Venant 2004; Kimura et al. 1985).

Antimicrobial activity

The guava leaves extract is rich in flavonoids and tannins,
which have good antimicrobial properties, and which work
against many forms of bacteria. Such compounds are effec-
tive against pathogenic bacteria agents, including Escheri-
chia, Salmonella spp., and Staphylococcus aureus. The
addition of guava leaf extract enhances gut microbiota and
the occurrences of enteric infections in rabbits apart from
enhancing nutrient digestibility and feed conversion ratio in
rabbit diets (Abd El-Ghany 2024; Abdelghani et al. 2024;
Chah et al. 2006; Nair and Chanda 2007).

Anti-inflammatory and hepatoprotective effects

Asiatic acid — a triterpenoids compound of the guava
leaves— can decrease inflammation and help to protect the
liver. These compounds reduce inflammation and inhibit
lipid accumulation in the liver to improve general well-being
and economic gains in rabbits (Abd El-Ghany 2024; Abdel-
ghani et al. 2024; Gao Jing et al. 2006; Roy et al. 2006).

Fig. 1 The potential usefulness
of using guava leaf extract as a

Gut health and nutritional efficiency

The phytochemicals also enable guava leaf extract to create
a healthy effect to the gut by eliminating pathogenic bacte-
ria and encouraging generative microbes in its place. This
favorable gut condition strengthens feed to meat conversion
ratio, meat production rates in rabbits (Abd El-Ghany 2024;
Abdelghani et al. 2024; Adeyemi et al. 2009).

Immune modulation

The immunomodulatory role associated with the con-
sumption of guava leaf extract decreases prevalence of
disease and improves health status of rabbits used in
intensive production (Abd El-Ghany 2024; Abdelghani
et al. 2024).

Taken together, all these mechanisms explain the versatil-
ity of the use of guava leaf extract and create a sound scien-
tific foundation for use of the guava leaf extract as a natural
feed supplement in rabbit production.

Physiological effects guava leaf extract
as an additive in rabbit diet

Using bioactive compounds from agro-industrial waste
promotes growth and animal health; it also diminishes the
impact on the environment in the livestock business. Egypt
is one main producer of guava globally, and, thus, the need
to embrace sustainable and environmentally-friendly prac-
tices in the production of guava byproducts (Abdelghani
et al. 2024; Zahid et al. 2019). Previous studies have docu-
mented that supplementing rabbit and poultry diets with
guava leaf extract (GLE) can have various physiological
effects as depicted in Fig. 1. Most of these implications are
also summarized in Table 1. and illustrated in the following
parameters.

,— Growth promoting agent (* BWT, WG, FCR) |

natural non-conventional feed
additive in rabbits

l— Improving rabbit fertility ( * FSH, LH and Litter Size) |

,— Enhance carcass attributes and meat quality I

—

Antioxidant and immune stimulant agent (* GP, SD, TAC and + MDA)

,— Improving for the biochemistry indices (¥ Cholesterol, LDL, TG and *HDL) |

—

Enhance intestinal microbiota and gut health (¥ E. coli, Staph. aureus.. I

l_ Improving economic efficiency (+ Total costs and + Net Profit) |
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Table 1 A Comprehensive Summary of Key Studies on Guava Leaf Extract in Rabbits and Poultry

Aspect

Species

Dose/Percentage

Key Effects

References

Growth Performance

Reproductive Performance

Carcass Traits

Blood Parameters

Rabbits

Rabbits

Broilers

Rabbits

Rabbits

Rabbits

Rabbits

Broilers

Rabbits

Rabbits

Rabbits

Broilers

Rabbits

Rabbits

30% GU with Kemzyme®

1-3 ml GLE/kg diet

1% dried leaves

20% GW diet

15-20 mg/kg diet

20 GLE mg/kg body weight

2-3 ml GLE/kg diet

2.5%—4.5% guava meal

16% GBP

GLEIS5 (15 mg/kg), GLE20 (20
mg/kg) diet

2-3 ml GLE/kg diet

1% dried leaves

Ethanolic GLE at dose 200 mg/ml
in distilled water

GLE15 (15 mg/kg), GLE20 (20
mg/kg) diet

6.6% weight gain improvement
compared to the control group;
enhanced FCR but no impact on
feed intake at 10%—20%

Significant improvement in final
weight, ADG, and FCR at 2-3
ml/kg diet; negligible mortality
rates

Improved body weight, weight
gain, and FCR with no effect on
feed intake

Improved body weight gain and
performance index compared to
control

Highest final body weight (FBW),

daily weight gain (DWG)
improved

Feed intake (FI) increased, but
FCR was unaffected

Enhanced litter size, prolific-
ity rate, FSH, LH levels, and
postnatal survival rates

Increased carcass and liver pro-
portions, reduced belly fat, and
improved meat dry matter and
crude protein content

Reduction in fat content and
improved carcass quality

No significant differences in
carcass dressing or growth;
enhanced nutrient digestibility
with enzyme supplementation

GLE?20 group had the highest hot
carcass, liver, spleen, and heart
weights

GLE15 showed intermediate
improvements

No significant changes in lung,
fur, kidney, cecum, or gastroin-
testinal tract weights

Reduced LDL, triglycerides, and
cholesterol; increased HDL and
antioxidant capacity (TAC)

Reduction in lipid metabolites;
improved HDL concentrations

Enhanced HDL, reduced LDL
and triglycerides

GLE20 increased packed cell vol-
ume (PCV) and mean corpuscu-
lar volume (MCV)

Reduced triglycerides, choles-
terol (total, HDL, LDL), and
improved VLDL

Lower AST and ALT levels in
GLE-treated groups

(Ali 2008)

(Morsy et al. 2019)

(Mahmoud et al. 2013)

(Kamel et al. 2016)

(Abdelghani et al. 2024)

(Dorice et al. 2023)

(Morsy et al. 2019)

(Rahman et al. 2013)

(Mekkawy et al. 2000)

(Abdelghani et al. 2024)

(Morsy et al. 2019)

(Mahmoud et al. 2013)
(Olaniyan 2017)

(Abdelghani et al. 2024)
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Table 1 (continued)

Aspect Species  Dose/Percentage

Key Effects References

Immunity and Antioxidants ~ Rabbits

mg/kg) diet

Economic Efficiency Rabbits 5% DGW or DOC

Rabbits  20% GW diet

Antimicrobial & Gut Health  Broilers  0.04%—0.06% guava extract

Rabbits  20% GW diet

Broilers  1.4% tannin composition

Rabbits
mg/kg) diet

GLEIS5 (15 mg/kg), GLE20 (20

GLEI5 (15 mg/kg), GLE20 (20

GLE20 improved IgG (63.84%)
and IgA (26.41%) over control

Lymphocytes increased, neutro-
phils and eosinophils decreased
in GLE groups

Elevated SOD and TAC levels in
GLE groups, with the greatest
increase in GLE20

Lower ROS and MDA levels in
GLE-treated rabbits

Improved profitability with lower
feed costs

(Abdelghani et al. 2024)

(Waheed et al. 2019)

Reduced production expenses; (Kamel et al. 2016)
improved net profit and eco-

nomic efficiency

Comparable efficacy to vaccina-
tion in Eimeria tenella preven-
tion; enhanced gut health

(Rattanaphol and Rattanaphol
2009)

Improved gut health with reduced
harmful bacteria and enhanced
nutrient absorption

(Alvarez et al. 2007)

Suppression of E. coli and (Mailoa et al. 2014)

improved gastrointestinal health

GLEL1S increased villous height
and branching with elongated
villous epithelium

GLE20 further enhanced these
features, showing more
pronounced improvements in
intestinal tissue structure

(Abdelghani et al. 2024)

GU: Guava by-product; GW: Guava waste; GLE: Guava leaf extract; GBP: Guava by-product meal; FCR: Feed conversion ratio; ADG: Average
daily gain; TAC: Total antioxidant capacity; DGW: Dried guava waste; DOC: Dried olive cake

Growth, reproductive performance, and economic
efficiency

The promising effects of guava leaf extract (GLE) and its
by-products on growth performance, reproductive indices
and economic efficiency of animals have been widely inves-
tigated, especially in rabbits and broilers. Bioactive com-
pounds like flavonoids, saponins, tannins, and terpenoids,
found in Guava, enhance metabolic activity, nutrient absorp-
tion, and gastrointestinal health (Kumar et al. 2021; Pandey
and Shweta 2011).

Growth performance

Abdelghani et al. (2024) reported a dose-dependent enhance-
ment of growth performance in GLE-supplemented rabbits.
Rabbits administered 20 mg/kg of GLE (GLE20 group) had
a 12.51% higher FBW (final body weight) than control ani-
mals (GLEO), whereas lower (15 mg/kg of GLE; GLE15)
dosage increased final body weight as well (FBW in GLEIS;
9.07% higher FBW than GLEQ). These enhancements were

suggested to be mediated by better nutrient bioavailability
through metabolic economy and intestine capacity improve-
ment brought about by GLE's bioactive compounds. These
results may be justified through the significantly higher
daily weight gain (DWG) in GLE-supplemented groups,
whereas feed conversion ratio (FCR) was stable, indicating
further efficient nutrient use without elevated feed intake
levels. Likewise, Ali (2008), reported that the feeding of
30% guava by-product meal (GU) alone or in combination
with the Kemzyme® (30%) replacing clover hay increased
body weight gain (6.6%), when compared to control rab-
bits. Despite lower feed intake, the FCR improved in the
supplemented groups. The supplementation of the guava
by-products may have optimized growth performance with
a reduction in feed cost. Subsequently, Morsy et al. (2019)
studied the influence of different doses of ethanolic guava
leaf extract (1, 2 and 3 ml/kg of feed) on APRI line rabbits.
G rabbits received 3 ml kg — 1 of GLE, resulting in the great-
est FBW and average daily gain (ADG) and significantly
improved FCR. This showed that high dose GLE supple-
mentation improves performance indices in comparison with
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their baseline values, without adversely affecting feed intake.
Mahmoud et al. (2013) also showed that when 1% dried
guava leaves incorporated in rabbit diet, weight gain and
FCR improved in broilers, and the same benefits have been
observed with guava by-products. Ogega et al. (2022), added
guava fruit processing by-products to broiler diets at 2.5%,
5%, and 7.5%. However, the study reported that broilers fed
levels of guava waste greater than 7.5% in the diet have lev-
els of weight gain and feed intake that were below those of
the control diet. Overall, these results indicated the effective
use of guava waste as a partial replacement of conventional
feed ingredients without compromising the overall broiler’s
performance, contributing to a more sustainable method of
livestock production.

Reproductive performance

Guava leaf extract also appears to favorably influence repro-
ductive characteristics. Dorice et al. (2023), who conducted
the experiment using a dose of 0, 10, 20, and 30 mg/kg of
aqueous guava leaf extract administered to female rabbits,
reported that the aqueous guava leaf extract at a dosage of
20 mg significantly increased litter size, fertility rates, FSH,
and LH concentrations. Higher doses of GLE also improved
postnatal survival, highlighting GLEs potential to improve
reproductive outcomes and offspring viability.

Economic efficiency

Few studies have answered the questions about the economic
consequences of use of guava leaf extract in rabbit’s diet.
Morsy et al. (2019) assessed the effects of different levels of
ethanolic guava leaf extract on growth parameters, haema-
tological profiles and cost of feed/kg gain of 80 APRI line
rabbits. 3.0 ml/kg dose caused highly significant changes in
proportions of carcass and its economic value in all groups,
and it was shown that the rabbits receiving it had decidedly
the best yield out of the 148.6% to 100% of controlled group.
Furthermore, Kamel et al. (2016) worked with the use of
rabbit diets containing guava waste (GW) with or without
the addition of organic acids or Mannan oligosaccharide.
They had lower costs of production and higher economic
returns from their respective supplemented organic acid
groups when rabbits received 20% GW. These results cor-
related with previous literature (Ani and Ugwuowo 2011;
El-Deek et al. 2009a; Lira et al. 2009), affirming the cost-
efficient approach of the feeding inputs, while productivity
was not significantly impacted. Regarding the substitution
of alfalfa by 5% of dried guava waste (DGW) or olive cake
(DOC), Waheed et al. (2019) assessed the economic viability
of substituting alfalfa in rabbit diets with 5% dried guava
waste (DGW) or olive cake (DOC) using real economic
data. DGW or DOC improved BWG and profit, whereas
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feeding both DGW and DOC in a single diet was less effec-
tive. The results were comparable to previous study Kamel
et al. (2016) demonstrated that feeding chickens 20% guava
waste meal (GW) supplemented with organic acids or Man-
nan oligosaccharide (MOS) produced higher (p <0.05)
body weight gain (BWG), feed conversion ratio (FCR) and
performance index (PI) than control diets. These findings
underscore guava’s potential as a cost-effective feed additive
for improving farm profitability.

Bioactive compounds and antioxidant properties

Guava contains high concentrations of bioactive compo-
nents, including saponins, flavonoids, tannins, and vitamin
C, that have been associated with growth-promoting ani-
mal bioactivities (Bikrisima et al. 2014; Pandey and Shweta
2011). They also aid in nutrient absorption and gut health
and have antioxidant benefits. Flavonoids such as quercetin
and tannins are a key player in suppressing pathogenic bac-
teria and curtailing oxidative stress which in turn promotes
animal health and productivity (Abdelghani et al. 2024;
Kumar et al. 2021; Mailoa et al. 2014).

Sustainability and environmental benefits

Using guava processing waste as an alternative feed ingre-
dient can help solve key challenges that pervade livestock
production such as feed scarcity and waste disposal. Utiliza-
tion of guava by-products in animal feeding not only lowers
production costs but also contributes to environmental sus-
tainability through waste reduction and enhancement of food
security in resource-limited regions (Ogega et al. 2022).
Collectively, both Guava leaf extracts and their by-
products are promising agents for improving growth per-
formance, reproductive traits, and for economic efficiency
in livestock production. The inclusion of GLE in the diets
of rabbits and broilers results in higher nutrient utilization,
lesser feed cost and sustainable practices without affecting
the health and production of the animal. Further studies on
guava by-products on supplementation levels and other ben-
efits under different livestock systems should be conducted.

Carcass traits and meat quality

As mentioned by Abdelghani et al. (2024), revealed that
dietary supplementation affected carcass traits in rabbits in
general and more particularly at the dose of GLE20. Rab-
bits in this group had more hot carcass weight and relative
organ weight including liver, spleen and heart than those
in GLEO. Hence, this recent study demonstrated that the
GLE can advance organ development and enhance SSL car-
cass yield. A highly significant improvement was observed
in GLE15 (15 mg/kg) indicating that the effect was dose
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dependent and therefore higher doses would produce compa-
rable results. Nonetheless, other carcass characteristics such
as lung weight, fur weight, kidney weight, GIT weight, and
cecum length had not shown any changes due to GLE sup-
plementation. In a similar manner. Morsy et al. (2019) simi-
larly reported significant improvements in carcass propor-
tions and liver weights in rabbits supplemented with guava
leaf extract at doses of 2 and 3 ml/kg diet. These groups also
showed notable increases in abdominal fat, stomach, small
intestine, and cecum proportions, with reductions in GIT
weights. Additionally, dietary inclusion of GLE at higher
doses enhanced dry matter (DM), crude protein (CP), and
ether extract (EE) content in rabbit meat, suggesting its role
in improving meat quality. The negative correlation between
ether extract and abdominal fat proportions suggests GLE’s
potential for reducing fat deposition, aligning with find-
ings by Rahman et al. (2013), who reported decreased fat
content in broilers supplemented with guava leaf meal. In
broilers, guava supplementation demonstrated consistent
improvements in meat quality and fat reduction. (Medina
et al. 2006) reported that incorporation of 0.04—0.06% GLE
caused changes on the meat composition. Similarly, El-Deek
et al. (2009a) have also stated that abdominal fat was signifi-
cantly lower in the 8% raw or processed guava by-products
fed broilers compared to other dietary levels or basal diets.
broilers fed up to 12% guava waste (GUW) grew as well as
control birds fed corn-soybean meal diets, and had similar
feed intake, weight gain, feed conversion ratio and carcass
yields (Lira et al. 2009). These results suggested that guava
by-products could be used as natural sources of feed sup-
plements to increase yield and quality of broiler meat pro-
duction without any adverse effects. Furthermore, Mekkawy
et al. (2000) showed that substituting up to 16% of alfalfa
hay with GBP, supplemented with enzymes or exposed to
gamma irradiation, had no significant impact on growth,
feed intake, feed efficiency, or carcass dressing percent-
ages. However, GBP diets improved digestive efficiency, as
indicated by enhanced digestibility of organic matter (OM),
crude protein (CP), and ether extract (EE). These results
suggest that GBP can partially replace traditional feed ingre-
dients without compromising growth performance or carcass
traits. Studies incorporating guava by-products with dietary
additives, such as Mannan oligosaccharide (MOS) or organic
acids, demonstrated favorable impacts on carcass character-
istics. Kamel et al. (2016) stated that supplementing rabbits
with guava leaf extract and by-products in diets increases
carcass characteristics of rabbits and meat quality charac-
teristics. These benefits are dose-dependent and primarily
affect vital organs and fat deposition. Furthermore, guava
by-products serve as cost-effective feed additives, supporting
sustainable animal production systems while maintaining
or improving growth performance and carcass yield. Future

studies should explore optimized supplementation strategies
to maximize these benefits across different species.

Hematological and biochemical parameters

Guava Leaf Extract (GLE) supplementation has dem-
onstrated significant impacts on hematological and bio-
chemical parameters in rabbits, reflecting its potential as
a dietary supplement for improving health and productiv-
ity. Abdelghani et al. (2024) found that 20 mg/kg GLE
(GLE20) improved packed cell volume (PCV) and mean
corpuscular volume (MCV), indicating enhanced oxygen-
carrying capacity. Immunological markers also improved,
with decreased neutrophil and eosinophil counts, alongside
increased lymphocyte levels, suggesting a bolstered immune
response. Lipid profile analysis revealed reduced triglycer-
ides, total cholesterol, LDL, and improved HDL and VLDL
levels, indicating a cardioprotective effect. Liver health
markers (AST and ALT) improved in GLE20, demonstrating
hepatic protection, while other parameters, such as glucose
and total protein, remained unaffected, underscoring GLE’s
safety. Morsy et al. (2019), corroborated these findings in a
study with 80 APRI rabbits supplemented with GLE at doses
of 1, 2, and 3 ml/kg. Higher doses significantly reduced
plasma triglycerides, cholesterol, and LDL, while increas-
ing HDL levels. These changes align with earlier findings
(Crespo and Esteve-Garcia 2002; Mahmoud et al. 2013) that
guava extract lowers lipid metabolites by impeding hepatic
lipogenesis. GLE also enhanced antioxidant defense, as
evidenced by increased total antioxidant capacity (TAC)
and reduced malondialdehyde (MDA) levels. These effects
were attributed to phenolic and volatile compounds in guava,
which exhibit potent antioxidant and hypoglycemic activities
(Ramadan et al. 2009). Furthermore, After complete blood
count (CBC) analysis, GLE supplementation did not signifi-
cantly alter hemoglobin (Hb), red blood cell (RBC) count, or
platelet levels, though these values showed a positive trend
and remained within normal ranges (Moore et al. 2015).
Notably, white blood cell (WBC) counts and heterophil pro-
portions significantly decreased in groups receiving 2—3 ml/
kg GLE, suggesting improved immune modulation. This was
accompanied by slight increases in monocytes, basophils,
and eosinophils. These findings align with studies showing
guava’s immunomodulatory effects in poultry and rabbits
(Abdelghani et al. 2024; Kamel et al. 2016). In female rab-
bits, Dorice et al. (2023) also demonstrated that aqueous
GLE supplementation significantly enhanced reproduc-
tive parameters. At a dose of 20 mg/kg, there were notable
increases in litter size, prolificity rate, FSH, and LH levels,
as well as improved postnatal survival rates. Biochemical
markers such as protein levels also improved, supporting
fertility and pregnancy outcomes.
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The biochemical parameters assessed in multiple studies,
including liver enzymes (AST, ALT), total protein, albumin,
globulin, and lipid profiles, remained within normal ranges
across all GLE-treated groups, indicating no adverse effects
(Kamel et al. 2016; Mekkawy et al. 2000). The stability of
these parameters highlights GLE’s safety as a dietary addi-
tive. Taken together, the supplementation of GLE improves
hematological, lipid, and antioxidant profiles in rabbits,
while maintaining safety and stability in biochemical param-
eters. These findings suggest that GLE, particularly at higher
doses (2-3 ml/kg or 20 mg/kg), is a potent dietary additive
for enhancing health, productivity, and reproductive out-
comes in rabbits. Further research could optimize its usage
and explore its broader applications in livestock nutrition.

Immunity and anti-oxidant related parameters

Guava by-products have been explored as natural antioxi-
dant feed additives in poultry diet that improves positive
production efficiencies and meat (Oliveira et al. 2018).
Guava extract may enhance oxidative defenses through the
increase of enzymes such as catalase (CAT) and polyphe-
nol oxidase. (Almulaiky et al. 2018). Also, incorporation
of dried guava leaves and/or olive oil in to the diets has
increased the activity of superoxide dismutase (SOD) and
glutathione peroxidase (GPx-1) enzymes in broilers to a
significant level (Mahmoud et al. 2013). Similar findings
were noted Langerudi et al. (2022), the supplementation
of 5 mg/kg guava essential oil in broiler diets led to the
highest ever measured GPx-1 enzyme activity. Further-
more, supplementation of aqueous guava extract for four
weeks have shown the enhancement of the major endog-
enous antioxidant’s glutathione reductase in streptozotocin
induced diabetic animals (Ramadan et al. 2009). Guava
extract has been associated with the enhancement of the
body antioxidant system, decrease in lipid peroxidation
as well as the reduction of the levels of ROS. Similarly,
supplementation of 5 mg/kg guava essential oils enhanced
the activity of SOD, GPx-1, and glutathione-S-transferase,
because of the ability of the guava essential oils in the sup-
plementation to become potent free radical-scavenging and
antioxidant nutrient (Chen and Yen 2007). Chen and Yen
(2007) noted that the antioxidant capacity was positively
associated with the phenolic content and free radical scav-
enging activity of the guava leaf extract. Elements of phe-
nolic compounds that induced notable antioxidant actions
in guava include gallic acid, pyrocatechol, taxifolin, ellagic
acid, and ferulic (Farag et al. 2020; Haida et al. 2011). The
other important antioxidant flavonoids present in guava are
quercetin, hesperidin, kaempferol, rutin, catechin and api-
genin. Also, the bioactive compounds such as kaempfertin,

@ Springer

isoquinoline, corilaginoline alkaloids and others have
been separated using high-performance liquid chromatog-
raphy (Taha et al. 2019). Flavonoids found in the guava
extracts include guavin and its derivatives, vitexin, orien-
tin, and vincasinin II, IV and V. Other compounds in the
extracts include benzene-1,2-diol, 2-O-methyl guanosine,
5-bromo-8-(5-nitrosalicylidene amino) quinoline hydro-
chloride, guavanoic acid, protocatechu Together with phe-
nols, flavonoids, pentacyclic triterpenoids, they have anti-
oxidant and antidiabetic activity of guava fruits (Kumar
et al. 2021). Also, it was noted that quercetin flavonoids
oxidation of peroxidase to 3,4-dihydroxybenzoic acid
improves the antioxidant and antibacterial properties of
guava. The flavonoid and polysaccharide content of guava
leaves act as antioxidants by suppressing ROS generation,
hindering amylase and a-glucosidase activity, and lower-
ing lipid peroxidation and cell death (Kim et al. 2016;
Kumar et al. 2021). In addition, the subsequent prepa-
ration of silver nanoparticles with crude polysaccharides
derived from guava showed considerable ability to scav-
enge the DPPH radicals and ABTS radical cations (Wang
et al. 2017). More recently, Abdelghani et al. (2024),
demonstrated that supplementing rabbit diets with guava
leaf extract (GLE) significantly influenced immunity, anti-
oxidant activity, and hormonal responses, with the effects
varying based on the dose of supplementation. The highest
levels of improvement in immunoglobulins, antioxidant
markers, and hormonal regulation were observed in the 20
mg/kg GLE (GLE20) group, and the second highest in the
15 mg/kg GLE (GLE1S5) group, compared to the control
group (GLEO, no GLE was administrated). GLE20 caused
the highest increase in IgG and IgA, showing increases
of 63.84% and 26.41%, respectively, when compared to
control. The antioxidant markers, including superoxide
dismutase (SOD) and total antioxidant capacity (TAC)
were significantly enhanced in the GLE-treated groups,
and the greatest enhancement was observed at GLE20.
Further, levels of reactive oxygen species (ROS), as well
as malondialdehyde (MDA), were significantly decreased
in rabbits treated with 20 mg/kg and 15 mg/kg GLE, sug-
gesting reduced oxidative stress. The hormonal response
to glucose maximization showed the GLE20 group hav-
ing significantly more triiodothyronine (T3) than other
groups for metabolism acceleration. Compared with the
other groups, the measurement of serum cortisol decreased
significantly in both GLE20 and GLE15 groups, while the
greatest reduction was in the GLE20 group (P <0.01),
indicating less stress. Our data confirm the dose-dependent
action of GLE, and that supplementation level of 20 mg/
kg was the best to improve immunity, antioxidant activity
and hormonal balance in the growing rabbits.
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Intestinal morphology and gut health

Rabbits supplemented with 15 mg/kg GLE (GLE15) showed
significant histological enhancements. In the intestine, vil-
lous height increased, with moderate branching of villi and
elongated villous epithelium. Moreover, the liver tissue in
this group revealed an increased number of binucleated cells
while maintaining normal structural integrity of the por-
tal vein and bile ducts. Rabbits receiving 20 mg/kg GLE
(GLE20) exhibited even greater improvements. These find-
ings highlight the dose-dependent impact of GLE supple-
mentation on the intestinal and hepatic histomorphology of
growing rabbits, with the 20 mg/kg dose demonstrating the
most significant enhancements in tissue structure and cel-
lular activity (Abdelghani et al. 2024). It has been examined
that guava extracts possess high antibacterial action against
the different types of bacteria. Furthermore, Pereira et al.
(2023), showed that among the bacterial strains, both the
sensitive and the resistant Gram-positive was neutralized by
aqueous guava leaf extracts. For instance, extracts prepared
with methanol interrupts the growth of Methicillin-resistant
Staphylococcus aureus and S. epidermidis (Chakraborty
et al. 2018; Richard et al. 2013), while water soluble extracts
reduce Streptococci species (Shafiei et al. 2016). The anti-
bacterial effects of guava were attributed to their phenolic
compounds, guavins A-D, psydiolic acid, and flavonoids
such as quercetin and saponins (Huang et al. 2021; Kumar
et al. 2021). Extracts from guava roots (Liharaka Kidaha
et al. 2013) and fruits (Tha et al. 2008), further highlight the
plant’s antimicrobial potential. Guava leaf extracts, prepared
using methanol, ethanol, or water, demonstrate robust anti-
microbial effects against E. coli, Pseudomonas aeruginosa,
and S. aureus (Mailoa et al. 2014; Patel et al. 2019). Lectins
in guava prevent E. coli adhesion to intestinal walls, thus
reducing infection risks (Okemo et al. 2001). Additionally,
guava essential oils exhibit strong activity against P. aerugi-
nosa, Streptococcus faecalis, Bacillus subtilis, and S. aureus
(Soliman et al. 2016).

Precautions and dosage considerations

While Guava leaves extract (GLE) is beneficial, excessive
supplementation may lead to adverse effects; thus, careful
dosage is essential (Morsy et al. 2019). Previous studies
documented the toxicological profile of guava extracts, par-
ticularly the methanolic bark extract, had shown that acute
oral administration at high doses (5000 mg/kg) in Wistar rats
caused no mortality or observable signs of toxicity, indicat-
ing a high median lethal dose (LD50). However, subacute
toxicity studies involving daily administration of doses up
to 1000 mg/kg over 28 days revealed significant alterations
in body weight, organ weights, and biochemical parameters.

Histopathological evaluations indicated mild liver inflamma-
tion at the highest dose, suggesting that repeated high doses
could result in minor organ toxicity (Manekeng et al. 2019).

Drawbacks of guava byproducts for poultry
feeding

High fiber content

Crude fiber including lignin and pectin components is mas-
sive in Guava byproducts. Fiber is a necessary element for
gut health in rabbits, albeit too much fiber — particularly
indigestible fiber — can restrict nutrient availability and
energy density within the diet. In rabbits and poultry, this
may lower feed intake and enhance growth performance (El-
Deek et al. 2009b). Soluble fiber pectin may form viscous
gels in the gastrointestinal tract, delaying gastric emptying
and nutrient absorption, which in turn may reduce growth
rate (Forman and Schneeman 1980).

Variability in nutrient composition

Guava byproducts have a widely varying nutritional pro-
file depending on the variety of the plant, processing tech-
niques and inclusion of different parts of the fruit from pulp
to seeds and peels. This variability has important implica-
tions for balanced diets formulation, as rabbits and poultry
need precise nutrient proportions to avoid deficiencies or
toxicities (Kamel et al. 2016; Lira et al. 2009). For example,
guava byproducts contain crude protein (CP) at 7.5 to 10.1%,
which is not sufficient to meet the requirements of growing
rabbits without supplementation (Kamel et al. 2016).

Negative impact on growth performance

According to (El-Deek et al. 2009b), high levels of guava by-
product feed are bulky, leading to decreased feed intake and
thus weight gain for poultry. Fiber is an important facilitator
of gut motility and maintains motility preventing disorders
but excess levels dilute diet energy and may overwhelm the
rabbits and poultry digestive capacity particularly in grow-
ing rabbits.

Potential digestive challenges

The guava byproduct contains soluble and insoluble fibers,
which have different impacts on poultry digestion. Specific
soluble fibers like pectin slow down the rate of digestion by
coating the gut lining and interfering with enzyme activity.
Insoluble fiber is required for gut motility, but it is also a
physical diluent, which can reduce consumption of other
nutrients (Choct 2015).
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Reduced nutrient digestibility

Guava by-products have low digestibility of crude fibers and
other nutrients. Hindgut fermenters, such as rabbits, depend
on the microbial fermentation of fiber to take full advantage
of fiber intake in their diet, but this is limited by the break-
down of fiber on the high lignin content in guava byproducts,
thus decreasing feed efficiency (Tejeda and Kim 2021).

Risk of reduced palatability

Although lower inclusion levels of guava by-products have
been shown to improve feed palatability, at higher inclu-
sion levels palatability may be negatively impacted resulting
in reduced feed intake. This is particularly pronounced in
younger poultry with immature digestive systems (Guima-
raes 2007).

Conclusion and future recommendations

Recent evidence suggests that guava leaf extract (GLE)
has the potential to be a versatile, non-conventional feed
additive that can enhance rabbit production systems. This
provides a natural solution to enhance growth performance,
carcass quality, immune function and economic efficiency
and environmental sustainability. Several studies confirm
key findings that supplementing rabbit diets with GLE at
doses of 15-20 mg/kg diet optimizes health and productivity
without compromising safety. The antioxidant and antimi-
crobial properties of it further improve gut health, nutrient
absorption and metabolic efficiency.

Nevertheless, these promising results raise a number
of critical areas that need to be explored. Future research
should focus on:

Optimal dosage and synergistic effects

It is important to determine the most effective GLE dosage
in terms of various rabbit breeds and production systems.
The levels of guava byproduct can be incorporated in diet
up to a maximum level of <5% to avail the fiber benefits
but a higher amount can also lead to malabsorption of few
calories, which in turn leads to their deficiency. Addition-
ally, it could be investigated to what extent GLE benefits can
be amplified through synergies with other natural additives,
for example probiotics, organic acids or other prebiotics or
synbiotics.

Long-term safety and toxicological studies

To determine the long-term impact of GLE supplementa-
tion on rabbit health and performance and to identify any
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potential risks at higher dosages, the safety and efficacy of
GLE supplementation must be assessed.

Molecular mechanisms and genomic studies

A better understanding of the molecular and genomic mech-
anisms by which GLE affects growth, immunity, and meta-
bolic pathways will allow for more precision use of GLE in
rabbit nutrition.

Environmental and economic impact analysis

The benefits of GLE in feed systems incorporate reduced
feed costs, waste management and carbon footprint can be
quantified in comprehensive life cycle assessments.

Application in diverse livestock systems

Validation of the cross-species applicability of GLE as a
sustainable feed additive can be achieved through expanding
research to other livestock species. Collectively, by filling
these gaps, GLE can become a key component of sustainable
rabbit production systems that contribute to global efforts
of food security, environmental mitigation and economic
viability in the livestock industry.
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