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ARTICLE INFO ABSTRACT

Smallholder livestock systems continue to have comparatively low small ruminant production, mostly as a result
of poor livestock management, poor livestock health control, and non-data-based decision-making. Minimal
livestock management records and a dependence on customs that are infrequently thoroughly assessed make
the issue worse. However, two strategies that could practically and sustainably boost production efficiency
are management records and the use of herbal formulations, especially in the setting of small-scale livestock
farming with limited resources. This review article aimed to comprehensively examine the role of livestock
management records and herbal formulations in increasing small ruminant productivity in smallholder livestock
systems. The study’s findings suggest that more quantifiable monitoring of livestock health, reproduction, and
production performance can be supported by straightforward but consistent management records. According
to reports, herbal formulations have the potential to promote animal health by acting as immunomodulatory,
antibacterial, and antiparasitic agents. Combining these two methods promotes more logical decision-making
at the farmer level and enables a more objective assessment of the efficacy of herbal-based interventions. The
synergy of management records and herbal formulations can be an adaptive technique for raising the produc-
tion of small ruminants, as this review highlights. When developing evidence-based and long-lasting smallhold-
er livestock interventions, these findings have significant ramifications for livestock producers, extension agents,
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and policymakers.

Introduction

In many developing regions, smallholder livestock systems heavily
rely on small ruminants, particularly sheep and goats (Bilotto et al., 2024).
These species are renowned for their ease of maintenance, comparatively
quick reproductive cycles, and ability to adapt to habitats with minimal
resources (Hussein et al., 2024). Small ruminants are an essential part of
integrated agricultural systems based on small plots of land, a flexible
economic asset, a buffer for food security, and a source of animal protein
for smallholder households (Anim-Jnr et al., 2023).

Small ruminant production in smallholder livestock systems is typi-
cally low, despite their substantial potential (Jemberu et al., 2022). Inad-
equate management techniques, inadequate livestock health care, and
improper feeding methods for livestock physiological requirements are
frequently blamed for low productivity and reproductive performance (Li
et al, 2025). It is challenging to precisely identify reasons limiting produc-
tivity and the effects of interventions because the majority of livestock
producers still rely on empirical experience in livestock management
without the help of data-based evaluation (Sargison, 2020).

Problems with livestock health have a significant impact on output
(Moliso et al., 2024). Growth, reproductive efficiency, and mortality rates
are all directly impacted by the high prevalence of viral and parasitic ill-
nesses in small ruminants (Fthenakis et al,, 2015). Disease management
is frequently reactive and unplanned due to restricted availability to
veterinary medications and animal health services (Nuvey et al., 2023).
However, the unchecked use of synthetic medications may raise produc-
tion costs and raise the possibility of antimicrobial resistance, which is
a worldwide problem from the standpoint of human and animal health
(Jannah et al.,, 2024).

Livestock management records are one essential component of
smallholder livestock systems that has not gotten enough attention
(Hernandez-Jover et al., 2019). Information on health, production, re-
production, and feed is inadequately documented due to the absence
of organized recordkeeping (Mehmedi et al., 2026). Because of this, de-
cisions are made without reference to past data, which makes it chal-
lenging to assess management strategies’ efficacy (Oral and Yildiz, 2025).
Even in small-scale agricultural environments, straightforward, regular
record-keeping has the potential to be a crucial instrument for tracking
livestock performance and assisting with evidence-based decision-mak-
ing (Morgan-Davies et al,, 2024).

However, in smallholder livestock systems, the use of herbal formu-
lations has long been a part of animal management techniques (Nwa-
for and Nwafor, 2022). Based on traditional knowledge and experience,
local medicinal herbs are utilized to prevent and treat health issues in
livestock (Wendimu et al., 2024). Herbal plants have bioactive chemicals
with antibacterial, antiparasitic, and immunomodulatory properties that
may improve livestock health and performance, according to a number
of studies (Parham et al., 2020; Jamil et al., 2022; Alem, 2024). However,
the application of herbal remedies in livestock husbandry is typically not
backed by quantifiable assessment and sufficient standardization, mak-
ing it challenging to reliably prove their advantages (Mpolokeng et al.,
2026).

This circumstance shows a disconnect between field practice and sci-
entific understanding in the management of small ruminants (Herdiana et
al., 2021). One viable way to close this gap is to combine the use of herbal
formulations with management record keeping (Ibeagha-Awemu et al.,
2026). The biological and economic effects of herbal use can be assessed
by straightforward yet methodical record keeping, which also promotes
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sustainable livestock management advancements (Wang et al., 2023).

The purpose of this review article was to comprehensively examine
the role of management record keeping and herbal formulations as an
integrated approach to increasing small ruminant productivity in small-
holder livestock systems, and to identify opportunities, challenges, and
implications for its implementation based on available scientific evidence.
Management record-keeping in smallholder
small ruminant systems

Management record-keeping is a fundamental component of small
ruminant livestock systems because it serves as the basis for systemat-
ically monitoring livestock production, health, and reproductive perfor-
mance, particularly in the context of smallholder livestock farms facing
limited resources and access to information. Figure 1 illustrates the defi-
nition of livestock management record-keeping and highlights four es-
sential areas that should be systematically monitored in smallholder small
ruminant systems: production performance, health status, reproductive
efficiency, and resource utilization.

What is Livestock
Record-Keeping?
Systematic
documentation of
biological
parameters and
maintenance
practices throughout
the animal's life
cycle to support
evidence-based
decisions.

Health Feed

Figure 1. Livestock definition and 4 essential areas to track

Definition and types of livestock records

The methodical recording of biological characteristics and hus-
bandry techniques that affect livestock performance over the course
of the production cycle is known as livestock management recording
(Romero-Zudiga et al., 2026). Recording provides a foundation for evi-
dence-based decision-making in smallholder ruminant livestock systems,
allowing for the objective assessment of management effectiveness and
the early detection of issues that limit productivity (Dao et al., 2026).

Mating time, pregnancy status, delivery time and outcome, and
calving intervals are all included in reproductive records (Caraviello et
al., 2006). Because low reproductive performance directly affects output
continuity and farmer revenue, this data is used to evaluate population
stability and reproductive efficiency (Assefa et al., 2026). Potential repro-
ductive abnormalities can be detected early with organized reproductive
recording, allowing for the implementation of the necessary corrective
measures (Ali et al., 2015).

Measuring livestock output, including body weight gain, milk pro-
duction, and calf performance after weaning, is the main goal of produc-
tion recording (Hossain et al.,, 2025). The livestock’s reaction to a mix of
genetic, dietary, and environmental influences is reflected in these mea-
sures (King et al,, 2020). When evaluating the efficacy of management
measures, such as the use of herbal formulations or the administration of
supplemental feed, production data is also essential (Flores et al., 2026).

Aspects of livestock health are recorded by keeping track of clin-
ical symptoms, treatment options, illness incidence, and preventative
initiatives including immunization and parasite management (Sheikh et

al,, 2025). In smallholder livestock systems, health information supports
more effective and long-lasting preventive methods by facilitating the
monitoring of disease trends and the assessment of control measures put
in place (Munaf et al., 2023).

The type, amount, and source of feed supplied, as well as the us-
age of natural additives or supplements, are all covered in feed records
(Adesogan et al.,, 2026). An overview of the effectiveness and sufficiency
of feed supply, as well as its connection to livestock health and produc-
tion performance, is given by feed data (Rauw et al,, 2025). Feed records
are essential for evaluating quantifiable biological and economic effects
in the context of herbal-based therapies (Wyngaarden et al., 2020).

Benefits of record-keeping for productivity improvement

By offering precise and methodically documented data, livestock
management records significantly increase the productivity of small ru-
minants (Swaminathan et al., 2026). Farmers and extension agents can
do evidence-based assessments of adopted husbandry practices because
to the availability of historical data on livestock performance, ensuring
that management choices are not exclusively based on experience or gut
feeling (Obiorah et al., 2025).

Records are used as a foundation for analysis in the context of deci-
sion-making to identify more successful husbandry techniques, such as
modifying feed consumption, choosing replacement livestock, and put-
ting health interventions into practice (Eriksen et al.,, 2022). Decision-mak-
ing is more focused and effective when performance is compared be-
tween individual livestock and throughout production periods thanks to
documented data (Bearth et al., 2026).

The early identification of health issues is another way that records
are beneficial (Kappes et al.,, 2023). Regularly documented trends in feed
consumption, disease incidence, or output performance can serve as ear-
ly warning signs of health issues before serious clinical symptoms man-
ifest (Duthie et al,, 2021). This strategy decreases medical expenses, en-
courages quicker preventive action, and lessens the possibility of losses
from decreased productivity or animal mortality (Puig et al., 2022).

Additionally, by organized monitoring of reproductive parameters,
records contribute to increased reproductive efficiency (Kaurivi et al,
2020). It is possible to identify reproductive delays or failures that may
lower production output by using information on mating time, pregnan-
cy, and calving intervals (Koujalagi et al, 2026). Reproductive tracking
thus facilitates more precise breeding planning and directly enhances
long-term productivity gains (Mikkola et al., 2024).

Challenges in record-keeping adoption among smallholders

There are still a number of structural and behavioral obstacles to the
adoption of livestock management recordkeeping in small-scale rumi-
nant farming systems (Oral and Yildiz, 2025). Despite the fact that record-
ing is acknowledged as a crucial tool for raising production, its adoption
rate is rather low because of individual capacity limitations and the sub-
sistence character of agricultural operations (Groher et al., 2020).

A significant obstacle is low literacy, especially among farmers with
little formal schooling (Ngoshe et al., 2022). Record-keeping is sometimes
seen as complicated and unfeasible due to challenges with reading, writ-
ing, and comprehending technical words (Delavenne et al., 2025). Ad-
ditionally, farmers who lack numerical literacy are unable to completely
benefit from record-keeping because they are unable to evaluate basic
statistics, such as changes in body weight or reproductive intervals (Te-
deschi et al., 2026).

Another factor contributing to the limited uptake of record-keeping
is time constraints (Gichohi, 2020). Livestock maintenance tasks typically
take place in conjunction with other major activities in smallholder live-
stock systems, such as the cultivation of food crops or non-agricultural la-
bor (Assan, 2023). Because of this, record-keeping is frequently seen as an
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extra burden unrelated to day-to-day operating requirements, particular-
ly when the immediate advantages are not apparent (Resti et al., 2024).

Adoption rates are influenced by perceptions of the advantages of
record-keeping in addition to technical and operational variables (Ol
et al, 2025). Since many farmers still base their decisions on memory
and empirical experience, they believe that preserving records adds little
value (Sylvester et al,, 2015). The idea that record-keeping is not neces-
sary for small-scale livestock management is strengthened by the lack of
obvious feedback, such as quantifiable increases in productivity or cost
savings (Mapiye and Dzama, 2024).

Simple and practical record-keeping models

For smallholder ruminant farms, management record-keeping mod-
els must be created with the farmer's workload, literacy levels, and re-
source limitations in mind (Resti et al, 2024). Therefore, increasing ac-
ceptance and sustainability requires a straightforward, practical, and
applicable solution to everyday operating needs (Raimi et al., 2026).

For smallholder farmers, manual record books are the most popular
and easily available method of keeping records (Tham-Agyekum et al.,
2010). Usually, these are straightforward tables that document significant
occurrences like feedings, illnesses, treatments, and deliveries (Wulandari
et al., 2023). The flexibility, affordability, and lack of specific technological
skills are the main benefits of manual record keeping (Mdoda and Non-
tu, 2026). When utilized regularly, manual record books can nevertheless
yield helpful baseline data for assessing livestock performance despite
their simplicity (Brocklehurst et al., 2025).

Simple record-keeping apps are being offered as a more effective
substitute as access to digital technology grows (Sennuga et al., 2023).
Quick data collection and long-term information storage are made pos-
sible by mobile applications with user-friendly interfaces (Shahab et al.,
2024). Digital applications not only make data management easier, but
they also provide opportunity for basic analytics like livestock perfor-
mance reviews or vaccine reminders (Daum et al, 2022). However, the
availability of devices, connectivity, and the farmer’s proficiency with dig-
ital technology all play a significant role in how effective this strategy is
(Stygar et al., 2026).

The use of best practices in management record keeping places a
strong emphasis on data relevancy, format simplicity, and a clear con-
nection to farmers’ perceived advantages (Bhaskaran et al., 2024). Using
straightforward symbols or codes, capturing crucial parameters that are
absolutely necessary for decision-making, and combining record keep-
ing with regular maintenance tasks are a few examples of best practices

(Montalvan et al., 2024). This method aids in raising farmers' awareness of
the purpose of record keeping so that it is seen as a useful management
tool rather than an administrative need (Gichohi, 2020).

Herbal formulations in small ruminant production

Herbal formulations have long been utilized in small ruminant pro-
duction as a locally resource-based approach with the potential to sup-
port livestock health and increase productivity, particularly in smallholder
farming systems with limited access to conventional veterinary inputs.
Figure 2 presents an overview of traditional herbal remedies applied in
small ruminant production, illustrating their roles in supporting animal
health, improving productivity, and serving as accessible alternatives to
conventional veterinary inputs in resource-limited smallholder farming

Garlic Anti-microbial

systems.

L2

Traditional Remedies for Modern
Farming

Common plants like Papaya leaves

support digestion, while Garlic and

Neem are used to control parasites
and infections.

- !

Turmeric Health Boost
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Fights infection &
parasites

Ginger Metabolism Neem Parasite Control

Papaya Digestion
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Metabolic aid health

Digestive health &
Deworming

Figure 2. Traditional remedies for modern farming.

Traditional use of herbal remedies in smallholder systems

Herbal remedies have been used for generations in small ruminant
livestock systems, and this practice is ingrained in rural communities’ tra-
ditional knowledge (Rahman et al., 2023). Farmers started using locally
available biological resources as a result of their restricted access to syn-
thetic medications and professional veterinary care (Masika et al., 2000).
The majority of the time, information on the choice, preparation, and ap-
plication of herbal plants is transmitted orally and is grounded in practical
experience (Hassen et al.,, 2022). Despite its traditional origin, it exhibits
adaptability to local circumstances (Mpolokeng et al., 2026). Table 1 sum-

Table 1. Traditional utilization of herbal plants in smallholder small ruminant farming systems.

Herbal plant (sci- Local Plant part Major reported bioactive . Common appli- Quantitative dose/
. Traditional purpose of use . . References
entific name) name used compounds cation method ~ concentration
) . . Curcuminoids, particularly To enhance immunity and Decoction or Haris et al. (2022);
Curcumalonga  Turmeric Rhizome curcumin, and essential oils  support general health mixed with feed NR Daham et al. (2026)
Zingiber offic- . . Gingerols, shogaols, and Anti-infective support and Decoction or Haris et al. (2022);
inale Ginger  Rhizome volatile oils metabolic enhancement ~ fermented feed NR Daham et al. (2026)
Azadivachta Limonoids, including Parasite control and man- Aqueous extract Adhana et al.
L Neem  Leaves azadirachtin and related L ormixed with NR (2022); Daham et al.
indica agement of skin disorders
compounds feed (2026)
Organosulfur compounds, . . . Adhana et al.
Allium sativum Garlic  Bulb particularly allicin and related Ar.lt.l microbial and antipar- Cmshed a nd NR (2022); Daham et al.
asitic purposes mixed with feed
sulfur compounds (2026)
Panain. chvmonanain. pheno- To support digestive Decoction or Lismawan et al.
Carica papaya Papaya Leaves pain, chymopapain, p health and provide anti-  fresh feed sup- NR (2026); Daham et al.

lic compounds, and flavonoids

parasitic effects

lementation 2026
p

NR = not reported in the cited traditional-use studies.

Note: The bioactive compounds listed in the table represent major phytochemical constituents reported for the respective plant species and should not be interpreted as standardized con-
centrations or active-principle percentages in the traditional preparations. The concentration and composition of these compounds may vary according to plant variety, plant part, growing
conditions, harvest stage, storage, processing, and extraction method. Therefore, quantitative dosing or active-compound concentrations should not be extrapolated from the plant species
alone and should preferably be established using standardized preparations and body-weight-based dose-response studies.
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marizes examples of herbal plants traditionally used by small ruminant
farmers and incorporates information on their major reported bioactive
compounds and the availability of quantitative dosing data.

Small ruminant livestock farmers employ a variety of herbal plants
to improve the health and productivity of their animals (Onuoha et al.,
2021). Plants containing bioactive compounds such as flavonoids, alka-
loids, saponins, tannins, terpenoids, and essential oils are frequently used
because of their reported antibacterial, antiparasitic, anti-inflammatory,
antioxidant, and immunomodulatory properties (Odhaib et al,, 2021). Ex-
amples of often used plants are Carica papaya (papaya leaf) to improve
digestive health, Azadirachta indica (neem) and Allium sativum (garlic) to
fight parasites and infections, and Curcuma longa (turmeric) and Zingiber
officinale (ginger) to boost immunity (Haris et al, 2022; Adhana et al.,
2022; Lismawan et al., 2026).

These plants are typically given fresh, in the form of a decoction, or
just combined with feed in field practice (Daham et al,, 2026). However,
the cited traditional-use studies generally do not provide standardized
concentrations of active principles or precise quantitative dosing regi-
mens (Wang et al., 2023). Accordingly, the “NR" designation in Table 1
indicates that quantitative dose or concentration data were not reported
in the cited traditional-use studies. This limitation is important because
the biological activity and safety of herbal preparations depend on the
concentration of bioactive constituents, plant part, preparation method,
dose, route of administration, and duration of exposure (Buyel, 2023).
Variations in dosage, processing techniques, and frequency of adminis-
tration continue to be obstacles to maintaining consistent effectiveness,
despite their comparatively simple and inexpensive use (Ahmed et al.,
2026).

To improve reproducibility, future applications should incorporate
botanical authentication, standardized preparation procedures, quantita-
tive characterization of relevant marker or active compounds, and body-
weight-based dosing (Song et al., 2026). Where quantitative information
is unavailable, these practices should be regarded as traditional eth-
noveterinary applications rather than standardized therapeutic regimens
(Bhat et al.,, 2023). Integrating traditional knowledge with phytochemical
characterization and controlled dose-response studies would facilitate
more reliable evaluation of efficacy, safety, and practical applicability in
smallholder small ruminant production systems (Masika et al., 2000).

Bioactive compounds and mechanisms of action

The availability of bioactive chemicals found in medicinal plants is
the main factor that determines how well herbal formulations enhance

the health and productivity of small ruminants (Alem, 2024). It has been
extensively documented that substances like flavonoids, alkaloids, ter-
penoids, saponins, tannins, and essential oils have biological actions re-
lated to disease prevention and enhancing animal immunity (Priyashan-
tha et al, 2026). These substances have complex modes of action that
include both direct interaction with pathogens and modification of host
physiological reactions (Wang et al,, 2023). Table 2 summarizes the main
bioactive compound groups contained in herbal plants and their biolog-
ical mechanisms of action in small ruminants.

The capacity of bioactive chemicals to prevent the growth of patho-
genic germs or harm their cell structure is typically linked to the antimi-
crobial activity of herbal plants (Hemeg et al., 2020). For instance, pheno-
lics and essential oils can damage the integrity of bacterial and fungal cell
membranes, resulting in intracellular component leakage and decreased
cell viability (De Rossi et al.,, 2025). Furthermore, certain flavonoids and
alkaloids contribute to the suppression of infection development by pre-
venting the creation of vital microbial proteins or enzymes (Roy et al.,
2022). These processes facilitate the use of herbal remedies as a supple-
ment or substitute for traditional therapies in the management of infec-
tious illnesses in small ruminants (Kuralkar and Kuralkar, 2021).

The nervous system, the parasite’s surface structure, and energy
metabolism are only a few of the ways that bioactive substances with
antiparasitic activity function (Ranasinghe et al,, 2023). By attaching to
structural proteins or blocking the parasites’ capacity to feed, tannins
and saponins are known to lower the vitality of gastrointestinal parasites
(Adak and Kumar, 2022). These outcomes increase the nutritional status
of livestock and lessen the burden of parasites (Jordon et al., 2022). This
herbal-based method has the potential to strategically lower the danger
of drug resistance and dependence on synthetic anthelmintics (Liu et al.,
2020).

Apart from their direct impact on pathogens, a number of herbal
substances also demonstrate immunomodulatory action, which con-
tributes to bolstering the host's immunological response (Alhazmi et al.,
2021). Certain terpenoids, polysaccharides, and flavonoids can balance
the inflammatory response, boost cytokine synthesis, and increase im-
mune cell activity (Alem, 2024). In addition to promoting physiological
recovery and productivity, this improved immune function aids animals in
responding to disease challenges more successfully (Bostami et al., 2021).

Evidence-based benefits of herbal formulations

Herbal compositions have a great deal of promise to improve the
health of small ruminants, according to numerous experimental and field

Table 2. Major bioactive compounds and mechanisms of action of herbal formulations in small ruminants.

Bioactive com- Common . . . . . Functional impact on
Primary mechanism of action Biological target . References
pound group examples livestock
Quercetin Antimicrobial, immunomodulatory, and Bacteria. viruses. and Reduced infection incidence Roy et al. (2022);
Flavonoids ’. antioxidant activities; inhibition of microbial . : and enhanced immune Alhazmi et al. (2021);
kaempferol . host immune cells -
enzymes and proteins resilience Alem (2024)
. o .. L Improved infection control ~ Roy et al. (2022);
Alkaloids Bieglar?;?e, l?ﬁi:;ﬁ:ntﬁﬁep:itshogen enzyme activity and i[’;;l;ogemc TICTOOTEAN" 1 d maintenance of health  Kuralkar and Kuralkar
pIp p Y status (2021)
Terpenoids Limonene,  Disruption of microbial cell membranes and  Bacteria, fungi, and host Improved immune responses De Rossi et al. (2025);
P thymol modulation of inflammatory responses tissues and metabolic health Alem (2024)
. Stprmdal gnd Disruption of parasite membrane integrity and . . . Redgced parasite burden Adak and Kumar (2022);
Saponins triterpenoid . ; . . Gastrointestinal parasites and improved nutrient
. interference with parasite metabolism e Jordon et al. (2022)
saponins utilization
. Condensed  Binding to structural proteins and inhibition  Parasites and microor-  Parasite control and im- Adak and Kumar (2022);
Tannins . . . . . .
tannins of parasite nutrient uptake ganisms proved feed efficiency Liu et al. (2020)
L Eugenol, Membrane damage and induction of intracel- Pathogenic bacteria and Prevention and control of ~ Hemeg et al. (2020); De
Essential oils . . . . .
carvacrol lular leakage fungi infectious diseases Rossi et al. (2025)
Polysaccharides  p-glucan Stimulation of immune cell activity and Host immune system Enhanced non-specific Alhazmi et al. (2021);

cytokine production

immune responses Bostami et al. (2021)

789



E. Martindah et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 5, 786-795

investigations (Odoemelam et al., 2013). Certain herbs have been shown
to improve non-specific immune responses and have antimicrobial and
antiparasitic properties that lower the incidence of infectious and para-
sitic disorders (Jamil et al., 2022). Livestock that are in better health have
lower morbidity, greater endurance, and quicker physiological recovery
(Tani et al,, 2025). These advantages are significant in smallholder live-
stock systems since they lower medical expenses and the usage of syn-
thetic medications (Yanuartono et al., 2026).

Herbal formulations have been demonstrated to affect livestock
growth and productivity in addition to their effects on health (Rebez et al.,
2025). Numerous therapeutic herbs and phytobiotics have been shown to
improve rumen microbiota balance and digestive tract function, which in
turn increases feed intake, feed conversion efficiency, and body weight
gain (Adetuniji et al., 2025). Herbs include bioactive substances that can
improve nutrition consumption by reducing metabolic problems and
stimulating the release of digestive enzymes (Conto et al., 2026). Herbal
formulations are a helpful strategy for sustainably enhancing production
performance in small-scale livestock systems because of these benefits
(Almuraee, 2026).

Although the scientific data is still evolving, reports of the advantages
of herbal formulations in reproductive aspects have also been made (Shai
et al, 2022). According to a number of studies, giving sows specific herbs
can enhance their physiological state, promote hormonal balance, and
boost the likelihood of conception and successful birth (Parraguez et al.,
2021). These benefits are frequently linked to better general health and
nutritional quality, both of which are important for successful reproduc-
tion (BenSouf et al.,, 2025). Improving reproductive performance directly
affects livestock population stability and production continuity in small-
holder livestock farming (Cui et al., 2024).

Safety, dosage, and standardization issues

Safety is still a big worry, even if herbal formulations may be a help-
ful intervention in small ruminant livestock systems (Joshua et al., 2010).
Certain bioactive substances in medical plants might have harmful con-
sequences when taken excessively or over an extended period of time,
therefore not all medicinal plants are safe at all dosages (van Wyk and
Prinsloo, 2020). Risks of toxicity can show up as metabolic stress, diges-
tive problems, or subclinical consequences that affect the welfare and
performance of livestock (Byard and Musgrave, 2021). Consequently, the
usage of herbs must be predicated on knowledge of the targeted live-
stock species’ physiological traits and safety restrictions (Kuralkar and
Kuralkar, 2021).

Quantitative safety parameters, including effective concentration
(EC,,), lethal dose or concentration (LD, /LC, ), no-observed-adverse-ef-
fect level (NOAEL), lowest-observed-adverse-effect level (LOAEL), and
therapeutic index, remain insufficiently established for many herbal for-
mulations used in small ruminants (Pandeya et al., 2024). These param-
eters are formulation- and species-specific and should therefore be de-
termined through appropriate dose-response and toxicological studies
rather than extrapolated between different plants or preparations (Mul-
holland et al.,, 2018). For example, excessive condensed tannin exposure
has been associated with clinically and pathologically relevant toxicity
in small ruminants (Al Rharad et al, 2025). In sheep, administration of
quebracho tannin extract containing approximately 760 g/kg condensed
tannins at 3.0 g extract/kg live weight/day resulted in anorexia, weakness,
depression, body-weight loss, and severe gastrointestinal lesions, includ-
ing ruminal and reticular ulcers (Hervas et al., 2003).

Toxicity has also been reported with hydrolysable tannins. Goats
exposed to Clidemia hirta, containing approximately 19% hydrolysable
tannins, developed biochemical and histopathological evidence of he-
patic and renal injury, together with abomasitis and enteritis (Murdiati
et al,, 1990). These findings indicate that excessive tannin exposure may
compromise gastrointestinal and systemic health and emphasize the im-

portance of defining effective and safe dose ranges (Huang et al,, 2018).
Similarly, potentially toxic plant alkaloids may cause hepatic, renal, gas-
trointestinal, neurological, or cardiovascular effects depending on their
chemical structure and exposure level (Adibah and Azzreena, 2019).

The variety of herbal ingredients, which is impacted by plant genetic
variables, agroecological circumstances, harvest timing, and processing
techniques, is another important problem (Plyduang et al, 2026). It is
challenging to reliably estimate the efficacy and safety of herbal formu-
lations because to this variance, which directly affects the concentration
and content of bioactive components (Aware et al,, 2022). The use of
fresh materials or basic preparations without standardization in small-
holder livestock farming further raises the possibility of inconsistent
biological responses in the animals (Farhanudin et al, 2026). Therefore,
standardization should include botanical authentication, specification of
the plant part and preparation method, quantification of relevant bioac-
tive compounds, and characterization of potentially toxic secondary me-
tabolites such as tannins and alkaloids (Gupta et al., 2021; Dawoud and
Abdalbagi, 2025).

Determining the proper dosage, administration technique, and the
stability of active ingredients during storage and application are addition-
al difficulties in herbal preparations (Ansari et al., 2024; Xue et al., 2025).
Uncertainty about dosage frequently results in speculation, which may
lower efficacy or raise the possibility of adverse consequences (Banaee et
al.,, 2025; Dijkstra et al., 2025). Where evidence is available, dose-response
studies should be used to define effective exposure ranges and safety
margins, while NOAEL, LOAEL, LD, /LC,,
vide additional quantitative information on toxicity and the therapeutic
window (Nair and Jacob, 2016; Pokhrel and Grady, 2021; Manglani et al.,
2021). However, interactions between chemicals in herbal combinations

and therapeutic index can pro-

might result in antagonistic or synergistic effects that are still poorly un-
derstood scientifically (Orimaye et al., 2024). This circumstance highlights
the necessity of a more regulated, evidence-based formulation strategy
(Grissinger, 2011; Alem, 2024).

Integrating record-keeping and herbal interven-
tions

The integration of management record-keeping and herbal interven-
tions enables data-driven evaluation of biological and managerial im-
pacts, while strengthening knowledge transfer and farmer empowerment
in small ruminant farming systems. Figure 3 illustrates the synergistic
loop between systematic record-keeping and herbal interventions, em-
phasizing the continuous cycle of recording, treatment application, and
outcome evaluation.

Using records to evaluate herbal intervention outcomes

When evaluating the effects of herbal formulations on small ruminant
farming systems, livestock management records are an essential objec-
tive assessment tool (lommelli et al.,, 2025). Livestock reactions to herbal
interventions can be quantitatively and longitudinally observed through
methodically recorded data, guaranteeing that evaluations of efficacy are
not exclusively dependent on the farmer's subjective opinions (Schmid et
al., 2012). This method makes it possible to combine conventional meth-
ods with data-driven scientific assessment (Masika et al., 2000).

Records make it possible to identify changes in physiological and
production indicators after herbal treatment in the context of health and
performance monitoring (Dardouri et al., 2025). It is possible to compare
indicators between the pre- and post-intervention periods, including dis-
ease frequency, morbidity rates, feed intake, body weight gain, and milk
production (Wéjtowski et al., 2025). In addition to identifying any adverse
effects, consistent patterns of change in these measures can be utilized
to evaluate the herbal formulation’s contribution to enhancing animal
health and performance (Giannenas et al., 2018).
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Figure 3. The Synergy Loop: Record, treat, evaluate

Records provide a more quantifiable assessment of the efficacy of
herbal therapies in addition to monitoring (Chakraborty and Pal, 2012).
Analysis of the causal link between herbal administration and livestock
biological responses is made possible by integrated reproductive, health,
and production data (Evrendilek, 2026). Comparing various herbal formu-
lations, doses, or administration techniques makes this assessment even
more pertinent (Jitdreanu et al, 2023). Records are therefore used as a
foundation for choosing the best and most effective solutions for local
smallholder livestock farming circumstances (Abdu and Gudesho, 2026).

Knowledge transfer and farmer empowerment

Bridging the gap between scientific research findings and small-
scale ruminant husbandry methods at the farmer level requires effective
knowledge transmission (Makarabbi et al., 2025). A data-driven extension
method enables the delivery of information in a more contextual and
pertinent manner to field situations when it comes to the implementa-
tion of management records and herbal formulations (Delavenne et al.,
2025). In order to provide farmers with both general recommendations
and an understanding of the empirical foundation for each intervention
adopted, data from recording productivity, health, and reproduction can
be utilized as discussion material during extension activities (Tamsan and
Yusriadi, 2022).

Understanding and confidence in management innovations tend to
rise when extension makes use of real data from farmers’ own animals
(Daum et al., 2025). This method assists farmers in seeing the clear con-
nection between quantifiable livestock responses and adopted strategies,
such as the use of herbal formulations or modifications to feeding sched-
ules (Lundstrom and Lindblom, 2018). Instead of just being a one-way
information transfer, this makes learning more experiential and participa-
tory (Mehmedi et al., 2026).

Beyond extension, a key component of empowerment is farmers’ ac-
tive involvement in the recording and assessment process (Forney, 2021).
Increased analytical ability and a sense of control over the management
techniques used are fostered by farmer participation in data gathering
and interpretation (Prajapati et al, 2025). By participating, farmers be-
come more important decision-makers rather than just beneficiaries of
advice or technology from outside sources (Lalani et al., 2016).

Case studies and field-based evidence

The use of herbal formulations and management record keeping in
small ruminant livestock systems is validated in large part by case studies
and field-based research (Nuvey et al, 2023). Field studies capture the
complexity of real-world farm situations, including differences in envi-

ronment, resources, and husbandry procedures, in contrast to controlled
experimental approaches (Lane et al, 2025). A contextual evaluation of
the efficacy of interventions is made possible by empirical data from the
field, which also pinpoints the elements that contribute to or hinder their
success (Ohashi et al., 2024).

Simple record keeping in conjunction with herbal therapies has been
shown in numerous field experiments to produce quantifiable changes in
livestock performance and health (Kuralkar and Kuralkar, 2021). Farmers
that regularly evaluate livestock responses to treatments frequently re-
port indicators like decreased illness incidence, higher body weight gain,
and enhanced reproductive efficiency (Evans et al,, 2022). Additionally,
field data shows that maintaining records is essential for modifying the
frequency and amount of herbal administration in accordance with local
variables and livestock conditions (Mpolokeng et al., 2026).

Community-based initiatives show great promise for boosting the
uptake and sustainability of data-driven practices, going beyond individ-
ual studies (Hossein-Zadeh, 2026). Programs that bring together groups
of farmers, extension agents, and supporting organizations allow for the
sharing of experiences, standardization of basic procedures, and coop-
erative assessment of results (Ibnu et al, 2018). Particularly in livestock
communities with limited access to information and technology, this col-
laborative method enhances social learning and speeds up the spread of
innovations (Vlaicu et al., 2024).

Socio-economic and sustainability implications

The implementation of management records and herbal formula-
tions in small ruminant farming has significant socio-economic and sus-
tainability implications, especially in increasing business efficiency, farmer
independence, and the resilience of the smallholder farming system.

Economic benefits for smallholders

For small ruminant farms, the use of herbal formulations and inte-
grated management records may offer real financial advantages (Sejian
et al., 2025). Reduced production costs, especially those associated with
spending on synthetic pharmaceuticals, are one of the primary effects
that have been discovered (Rizvi et al,, 2022). The frequency of disease
occurrences and the need for curative treatment can be decreased by us-
ing local herbs as a preventative strategy and to maintain livestock health,
which will result in reduced and more manageable livestock health costs
(Ibeagha-Awemu et al., 2025).

Consistent record-keeping not only lowers expenses but also enables
farmers to prevent inefficient input use and objectively assess the suc-
cess of treatments (Hossein-Zadeh, 2026). Farmers may choose the right
time and kind of interventions, including when synthetic medications are
actually required, with the aid of documented health and productivity
data (Datuti and Martiningsih, 2025). This strategy lowers the possibility
of resource waste in small-scale livestock systems while simultaneously
increasing economic efficiency (Kazemi, 2025).

Increased farmer revenues, which are mostly the result of better pro-
duction performance and reproductive sustainability, are another indica-
tor of economic benefits (Adetunji et al., 2025). Higher market value and
lower death rates are typically associated with livestock that are in better
health and grow at their best (Li et al., 2026). Additionally, more produc-
tive livestock results from increased reproductive efficiency, which imme-
diately boosts output capacity and household financial stability (Rahman
et al, 2024).

Environmental and One Health perspectives

The environmental sustainability of small ruminant farming systems
is significantly impacted by the integration of livestock management re-
cords and the use of herbal formulations (Oral and Yildiz, 2025). Main-
taining accurate records makes it possible to use feed, medications, and
other inputs as efficiently as possible, which lowers resource waste and
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environmental stress (Kuralkar and Kuralkar, 2021). Additionally, by low-
ering dependency on synthetic inputs, which typically have a larger envi-
ronmental impact during production and distribution, the use of regional
herbal ingredients promotes the idea of sustainable use of biological re-
sources (Folina et al., 2025).

This strategy helps manage antimicrobial resistance (AMR), a world-
wide problem, from the standpoint of One Health (Dardouri et al., 2025).
The selection and spread of resistant microbes are facilitated by the un-
checked use of antibiotics in livestock farming, which may have an effect
on the health of humans, animals, and the environment (Khairullah et al.,
2025). Antimicrobial and immunomodulatory herbal formulations can be
used as supportive interventions to lessen the need for antibiotics, espe-
cially for treating mild diseases and preventing them (Zheng et al., 2025).

By facilitating more logical drug use monitoring, livestock health
records strategically contribute to the elimination of antimicrobial re-
sistance (Werner et al, 2018). Farmers and extension agents can assess
when the use of antibiotics is actually necessary by using historical data
on illness incidence and response to herbal therapies (Manyi-Loh et al.,
2018). In keeping with the guidelines for the wise use of antibiotics, this
strategy promotes more cautious and responsible treatment methods
(Abate and Birhanu, 2025).

Policy and extension implications

Conducive policy support plays a major role in the successful de-
ployment of herbal formulations and livestock management records in
small ruminant farming systems (Sejian et al., 2025). Wider adoption at
the farmer level might be encouraged by public policies that acknowl-
edge basic record keeping as a component of fundamental management
practices (Sarma et al,, 2025). The creation of technical standards, the
provision of standardized but adaptable record keeping forms, and the
acknowledgment of record keeping as a performance indicator in small-
holder livestock development initiatives are all ways to achieve this sup-
port (Resti et al., 2024).

It is strategically possible to increase the impact of government ini-
tiatives both nationally and regionally by incorporating this technique
(Enshaie et al., 2025). As part of the intervention package, management
record keeping and the usage of local herbs can be incorporated into
extension programs, livestock support, and livestock area development
(Dilbato et al., 2023). This method enables continuous monitoring of the
efficacy of interventions and modification to local conditions by evaluat-
ing programs based on field data (Solazzo et al., 2024).

In order to bridge policy and implementation in the field, exten-
sion workers and their helpers play a critical role (lke, 2024). Increased
comprehension and confidence in suggested practices can result from
targeted extension services based on data from farmer record keeping
(Ahmadzai et al,, 2025). Additionally, training extension workers on evi-
dence-based herbal use and basic record keeping will increase their ca-
pability, which will enhance the quality of support and the sustainability
of adoption (Wang et al., 2023).

Research gaps and future research directions

There are still a number of research gaps that need to be filled, de-
spite the fact that the integration of herbal formulations and manage-
ment record keeping in small ruminant livestock systems has been well
documented (Perkins et al., 2026). The lack of standardization in herbal
formulations’ ingredient composition, processing techniques, and dose is
a major problem (Sachan et al.,, 2016). Direct comparisons are frequently
challenging because to the variability in bioactive chemical concentration
caused by variations in plant sources and preparation methods (Vaou et
al,, 2022). In order to guarantee the constant efficacy and safety of herbal
formulations, more research concentrated on developing standard pa-
rameters is required (Kunle et al., 2012).

The digitalization of livestock management record systems that are
flexible enough to accommodate smallholder livestock farmers is the next
area of study (Himu and Raihan, 2024). While the potential of basic dig-
ital technologies—like mobile phone-based applications—has not been
thoroughly investigated, the majority of research still place a strong em-
phasis on manual record keeping (Thar et al,, 2021). It is essential to do
research on the viability, acceptance rates, and effects of digital record
keeping on livestock production and decision-making, especially when
it comes to enhancing management effectiveness and long-term data
gathering (Groher et al., 2020).

Large-scale field trials and longitudinal studies are desperately need-
ed because the majority of the scientific evidence that is currently avail-
able is either short-term or based on sparse observations (Sejian et al.,
2025). A more complete picture of the long-term effects of management
records and the application of herbal formulations on livestock productiv-
ity, health, and reproduction will be provided by long-term study (Kashuri
et al., 2026). To evaluate the generalizability of research findings and their
practical relevance to smallholder livestock production, field experiments
spanning a range of agroecological settings and husbandry systems are
also crucial (Hosseini et al., 2026).

Conclusion

In order to boost small ruminant productivity in smallholder livestock
systems, this paper highlights the complimentary strategic methods of
using herbal formulations and keeping livestock management records.
Data-driven decision-making is supported by the systematic monitoring
of production, health, and reproductive performance made possible by
management records. Herbal remedies, on the other hand, provide a dif-
ferent approach to health care that may lower manufacturing costs and
the danger of becoming dependent on synthetic medications, particular-
ly in environments where veterinary care is scarce.

Practically speaking, small-scale livestock producers can benefit from
the integration of these two systems since it can be adapted to local
resources, farmers’ skill levels, and socioeconomic circumstances. Easy re-
cord-keeping makes it possible to assess the efficacy of herbal use more
impartially, upgrading conventional methods into more quantifiable and
long-lasting management techniques.
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