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SUMMARY

This study was conducted on 30 Damascus female dairy goats to investigate the effect of dry guava leaf
supplementation on milk yield, milk composition, immune response, and economic efficiency under a grazing or
confinement management system. Experimental goats were divided into two groups (15 goats/group). The first
group was allowed to graze Egyptian clover while the second group was kept in clean and hygienic pens. Each
management group was further divided into three sub-groups (5 goats/sub-group). The first sub-group was fed
on the basal diets of the farm according to NRC (2007), the second sub-group received the basal diet
supplemented with 1% dry guava leaves, and the third sub-group received the basal diets supplemented with 2%
dry guava leaves. Daily and overall milk yield were recorded throughout the 12 week experimental period. Milk
samples were collected weekly in the morning from each goat and stored at 5° C until analysis. Blood Samples
were collected individually from each goat at the end of the experimental period for analysis. Results showed
that grazing goats supplemented with 2% dry guava leaves had significantly higher (P<0.05) milk yield,
immune response, and economic efficiency compared to the other groups. Additionally, grazing goats
supplemented with 2% dry guava leaves had blood metabolite levels within the normal range compared to the
other groups. It was concluded that supplementing grazing goats with 2% dry guava leaves improved milk
yield, immune response, and economic efficiency without negative effects on blood metabolites.

Keywords: Guava leaves; management system; milk; immune response; Damascus goats.

INTRODUCTION guava leaves contain approximately 9% tannins,
which can act as antibacterial agents, either inhibiting
the growth of bacterial or fungal cells (bacteriostatic
or fungistatic) or killing bacterial or fungal cells
(bactericidal or fungicidal).

Goat milk accounts for approximately 2.3% of
global milk production (Claeys et al., 2014). Goat
milk yield and its products have gained popularity for
the past two to three decades among certain ethnic
groups, goat producers, and especially those who
have allergies to cow milk. Various products are
derived from goat milk, including cheese, yogurt,
butter, ice cream, powdered milk, infant formula, as
well as cosmetic products (Park et al., 2007). Several
factors have been identified to influence the milk
composition in ruminants, including age, breed,
parity number, nutrition, lactation stage, and
management systems (Al-Saiady, 2006 and El-
Tarabany and EIl-Bayoumi, 2015). Generally, the
quality of milk produced by ruminants is usually
determined by the constituents that make up the
milk,including lactose, fat, protein, non-solid fat, and
minerals (Yangilar, 2013 and Claeys et al., 2014).
Most researchers stated that optimizing grazing or
confinement management systems is crucial for
achieving the best production performance in animals
(Brito et al., 2022 and Imrose et al., 2023).
Therefore, the main objective of this experiment was

Psidium guajava is a small medicinal tree native
to Mexico City and northern South America. It is
popularly known as the guava tree and belongs to the
Myrtaceae family (Barbalhoet al., 2012). Antioxidant
contents in guava leaves (Psidium guajava) enhance
immune responses and has positive effects on the
production performance of animals (Kuo et al., 2023
and Hossainet al., 2024). Guava leaves are rich in
flavonoids particularly quercetin, saponins, tannins,
alkaloids anthraquinones, phlobatannins, and cardiac
glycosides. Moreover, these flavonoids had
antibacterial activity (Pandey and Shweta, 2011).
Quercetin acts as a calcium antagonist, influencing
intestinal smooth muscle fibers, and is responsible for
the antispasmodic and anti-motility effect of guava
leaves (Galvez et al., 1996). Additionally, 3, 4-
dihydroxybenzoic acid produced by peroxidase-
dependent oxidation of quercetin, enhances their
antibacterial and antioxidant properties. High
amounts of phenolic compounds in the guava leaves
(Psidiumguajava) have been shown to exhibit
antioxidant activity (Haida et al.,2011). The
effectiveness of antibacterial compounds found in the
leaves of guava trees is affected by the tannin
concentrations, with higher tannin concentrations
increasing antibacterial activity (Mailoa et al., 2014).
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to investigate the effects of supplementing the diet
with dry guava leaves on milk yield and composition,
blood metabolites, and immune response in
Damascus dairy goats under grazing or confinement
management systems.

MATERIALS AND METHODS

This experiment was conducted at the
Experimental Goats Farm, Faculty of Agriculture,
Benha University, Egypt, on 30 Damascus dairy
goats, from February 2023 to April 2023.

Guava leaves collection and preparation:

The fresh guava leaves of the species Psidium
Guajava were collected from the garden trees of
Benha University Farm. Leaves of guava trees were
carefully separated and cut into small pieces and
dried at room temperature under 60°C for two days,
then crushed for supplementation in the goats' diet.
Samples of the dried guava leaves were stored in
closed bottles for subsequent chemical analysis.

Management of experimental animals:

The 30 Damascus goats were divided into two
groups, each consisting of 15 goats. The first group
was allowed to graze on Egyptian clover (Trifolium
alexandriunm) around the field of the Faculty of
Agriculture at Moshtohor, Benha University daily
from 8 amto 4 pm. Thesecond group was housed in
clean and hygienic pens. Each group was divided into
three subgroups (5 goats/subgroup). The first
subgroup was fed the basal diet of the farm, while,
the second and third subgroups were Fed the basal
diet supplemented with 1 or 2% dried guava leaf
powder, respectively. Experimental goats were fed
rations formulated according to the NRC (2007)
recommendations. Clean and renewed water was
provided ad libitum to all goats. The ingredients and
chemical composition of the goat’s diet are presented
in Table 1. Diet samples were analyzed according to
AOAC (1995). Neutral detergent Fiber (NDF) and
Acid Detergent Fiber (ADF) were determined
according to Van Soest et al. (1991).

Tablel. Composition and calculated chemical analysis of diet fed to experimental goats

Item Treatments
Control 1% GL 2% GL

Ingredients (g/kg DM)

Dried guava leaves (GL)! 0.0 10.0 20.0

Concentrate mixture? 600.0 600.0 600.0

Egyptian clover hay 275.0 270.0 262.0

Wheat straw 122.0 117.0 115.0

Mineral & vitamin mixture® 3.0 3.0 3.0
Total 1000.0 1000.0 1000.0
Chemical composition (% of DM)*

ME (Mcal/kg DM) 2.48 2.48 2.49

CP 14.44 14.45 14.46

CF 16.06 15.88 15.74

NDF 41.99 41.74 41.60

ADF 29.20 29.13 29.12

Ca 1.07 1.07 1.06

P 0.44 0.44 0.44

Dried guava leaves contain 91.03% dry matter, 93.31% organic matter, 13.15% crude protein, 2.66% ether extract, 16.47%
crude fiber, 61.04% nitrogen-free extract, 6.68% ash, 56.08% neutral detergent fiber and 38.70% Acid detergent fiber.
2Concentrate mixture consisted of 46% yellow corn, 15 % soybean meal (44% CP), 30 % wheat bran, 5 % molasses, 2.6 %
calcium carbonate, 1 % sodium chloride, 1% salt, 0.2% yeast, 0.15% vitamins and minerals mixture and 0.05% antitoxins.
3Purchased from the Misr feed additives for animal nutrition, Egypt. Each 3 kg contain: Vitamin A = 12,000,000 IU, D3 =
2,500,000 1U, E =15,000 mg, Zinc = 60,000 mg, Manganese =70,000 mg, Iron =60,000 mg, Copper =30,000 mg, lodine
=5,000 mg, Selenium = 300 mg, Cobalt = 1000 mg, Cobalt = 1000 mg, and Calcium carbonate up to 3 kg.

“4The rations were calculated according to the feed composition table of NRC for goats, (2007).

Goats milk yield:

The goats were in their first and second parity and
kidded in February 2023. Milk yield was determined
at weekly intervals starting from kindling till
weaning at 12 weeks of age. During the suckling
period, kids were kept all the time with their dams in
clean and dry pens. To measure milk yield, kids were
separated from their dams at 10 pm on the day before
measurements. On the following day, milk yield was
measured through two milking times at 8 am and 6
pm of the day of measuring. The kid suckling
technique involves weighing the kids, to the nearest
10 grams, just before and after suckling, The sum of
differences between the two weights of kids was
considered as the daily milk intake. After suckling,

the goats were milked and the collected milk was
weighed to the nearest five grams. This weight was
added to the kids’ daily milk intake to calculate the
daily milk yield. This daily milk yield was multiplied
by seven to get the preceding weekly milk yield. The
total milk yield of the 12-week period was calculated
by summing up of weekly milk yield (Coombe et al.,
1960).

Milk sampling and analysis:

Milk samples were collected weekly in the
morning from each goat in all experimental groups
throughout the study. Milk Samples were stored at
5°C for subsequent analysis of milk composition.
Samples were analyzed for their chemical
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composition using Milk-Scan Kit (Lactostar™
manufactured by Funk Gerber Company, Germany)
which is an advanced analytical system that gives
reliable results with high accuracy covering the most
important milk chemical constituents and properties.
At least 20 mL of fresh milk was pre-wormed to
40°C in a water bath and thoroughly mixed before
measuring. Each sample was then placed in a clean
beaker and placed to be close to the sucking tube of
the device. The measuring button was pressed to
allow the suction tube to draw the sample into the
device. After two minutes, the measurement was
completed and the connected thermal printer
provided a full report of the measured values.

Blood samples and biochemical analysis:

Blood samples were collected individually from
all experimental goats at the end of the experiment
period to estimate the effects of the management
system and dietary supplementation with dry guava
leaves on some blood plasma metabolites. Blood
samples were collected in dry, clean tubes containing
EDTA. Blood plasma was separated by centrifuging
the blood samples immediately after collection at
3000 rpm for 15 minutes. Blood plasma was
transferred into vials and stored at -20 °C for
subsequent specific biochemical analysis. The total
protein concentration in blood plasma was
determined according to Henry (1964). Plasma
albumin Concentration was estimated
colorimetrically according to Doumas et al. (1971).
Plasma globulin concentration was calculated by
subtracting albumin concentration from total protein
concentration. Blood plasma triglyceride and
cholesterol  concentrations  were  determined
according to Frings et al. (1972). High-density
lipoprotein (HDL) and low-density lipoprotein (LDL)
concentrations were determined according to Natio
and Kaplan (1984) andFriedewald et al. (1972),
respectively. Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were determined as
described by Wahlefeld (1974) and Reitmans and
Frankels (1957), respectively.

Anti-oxidant parameters and immune response:

The activities of superoxide dismutase (SOD) and
glutathione peroxidase (GSH-PX) were measured
according to Aebi (1984). Oxidized glutathione
(GSSQG) levels were measured by HPLC according to
Jayatilleke and Shaw (1993).

Economic efficiency:

A financial analysis was conducted to evaluate
the production profitability of supplementing
experimental goats with guava leaves at levels 0, 1,
and 2%). The net return (NR) was calculated
according to Sankhyan (1983) from the difference
between total income (TI) and total costs (TC). Total
income and total costs were individually calculated
for each goat. The total costs include: the feed, labor,
building rent value, electricity, and water costs. The
total income included: income value from marketable
milk for all experimental goat. All these parameters

were estimated in L.E. over the course of the
experiment.

Statistical analysis:

Statistical analysis was carried out using the least
squares procedure for analyzing the data with
unequal subclass numbers using SAS (2004). The
statistical model is as follows:

Yijk = 4+ Mi+ GLj+ (M*GLT)jj + eijx

Where: Yij = the observation of k goat milk yield,
composition, and blood metabolites; i = the overall
mean; Mi=the fixed effect of i"" management system
(i= 1, 2 while, 1= grazing and 2= confinement); GLj
= the fixed effect of j™ supplement with dry guava
leaves (j= 1, 2, 3 while, 1= 0% GL and 2= 1% GL
and 3= 2% GL); (MT); = the fixed effect of the
interaction between the management system and
supplement with dry guava leaves; ej = random
error associated with the individual observation and

assumed (NI D) (0, ).Significance differences

between means were carried out according to Duncan
(1955).

RESULTS AND DISCUSSION

Goat's milk yield:

Grazing goats had a higher milk yield compared
to goats managed under the confinement system, with
the differences in milk yield due to the management
system being highly significant (P<0.01) as shown in
Table 2. The amount of milk produced and its
composition are depending on several factors, among
which the key role is played by the animal nutrition.
The obtained results agreed with the finding of
Hadaya et al. (2017) who concluded that grazing
Damascus goats and their crosses with Alpine goats
yielded 0.6 kg more milk production (P<0.001) than
goats under confinement management. They
concluded that the management system had an
interactive effect on milk vyield. Similarly,
Charpentier et al. (2019) demonstrated that
increasing pasture allowance (low, medium, and high
grazing time) significantly (P< 0.001) improved the
milk yield of Alpine dairy goats (2.79, 3.12, and
3.15kg/day, respectively). Also, Granados-Rivera et
al. (2022) revealed that grazing Creole goats
produced significantly more milk compared to zero-
grazing goats (1.22 vs. 0.71 kg/day, respectively).
Moreover, Lemoine and Delagarde (2023) found that
the grazing system had a positive influence on the
milk yield of Alpine dairy goats. On other species,
Carabaand Caraba (2023) concluded that grazing
Turcana sheep freely for about 10 hours daily
significantly (P < 0.05) increased total milk yield.
Goats supplemented with higher level of dry guava
leaves (2%) produced a higher level of milk yield
compared with the other groups and the differences
between means of goats' milk yield, due to the effect
of supplement with dry guava leaves was significant
(P<0.05) as presented in Table2. Similar results
showed by, El-Sayed et al. (2013), Kuo et al. (2023)
and Hossain et al. (2024) who reported that the high
amount of phenolic compounds in the dried leaves of
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the guava tree (Psidiumguajava) exhibited
antioxidant activity, enhanced immune response and
positively impacted productive performance. Also,
Gbaguidi and Saricicek (2020) stated that
supplementing the diet with 25% guava leaves did
not negatively affect ruminal degradability of
nutrients and may be an alternative contribution in
increasing production. In a similar study, Akinbode
et al. (2024) recorded that supplements with guava
leaves affected the diet composition as crude protein,
tannins and flavonoid content of the diets increased
with an increase in guava leaves. Therefore, dietary

manipulations that reduce the protozoa population as
observed in the current study will positively affect
animals’ energy efficiency. On other species, Nobre
et al. (2020) and Raju et al. (2024) noticed that
incorporating guava leaves at 20% in concentrate
mixtures for sheep significantly (P< 0.01) improved
crude protein digestibility, resulting in enhanced
productive performance. There were significant
(P<0.05) differences in goat milk yield due to the
interaction between the management system and the
level of dry guava leaves supplementation.

Table 2. Least-squares means (+SEM) of milk yield (kg) and its composition (%) of Damascus goats

Management systems (M)

- - Significant
Items Grazing system Confinement system
0%GL 1% GL 2% GL SEM 0%GL 1%GL 2% GL SEM M GL MxGL

Milk yield (kg)

Daily yield 1.86° 1.94b 2.002 0.01 1.73¢ 1.81b 1.88¢2 0.01 ** * *

Total yield 156.72¢ 163.52° 168.872 9.08 146.06° 152.85° 158.202 855 ** * *
Milk composition (%)

Total solids 11.24 11.61 11.65 0.26 11.12 11.49 1154 032 NS NS NS

Fat 3.85 3.95 4.00 0.11 3.78 3.88 3.93 0.13 NS NS NS

Protein 3.37 3.55 3.48 0.06 3.34 3.51 3.45 0.07 NS NS NS

Lactose 3.48 3.48 3.61 0.12 3.40 3.40 3.54 0.15 NS NS NS

N?_tdfat 7.45 7.71 7.71 0.18 7.39 7.65 7.66 0.22 NS NS NS

solias

Minerals 0.57 0.59 0.66 0.07 0.55 0.59 0.73 0.08 NS NS NS

a.b,¢ Means within a row with different letters different (P<0.05). SEM = Standard Error of Mean, NS= not significant,

* =P<0.05 and ** = P<0.01

Goat's milk composition:

Milk quality depends on its chemical composition
(Fat, protein, total solids, non-fat solids, minerals,
and lactose) as presented in Table (2). The averages
of fat, protein, lactose, non-fat solids, and total solids
were higher in grazing goats compared with goats in
the confinement system. These results showed that
management system has no significant effects on
milk  composition.  Similar  observations by
Inglingstad et al. (2014) revealed that Norwegian
dairy goat’s milk composition (Protein, lactose, total
solids, and minerals %) was not influenced by
grazing season, and Lemoine and Delagarde (2023)
concluded that the grazing system did not influence
milk composition of Alpine dairy goats. On other
species, Carabaand Caraba (2023) found that grazing
freely on the pasture area for about 10 hours daily
had no significant effect on Turcana sheep milk
composition (fat, lactose, casein, and solids not
fat%). Such findings may support the obtained
results. On the contrary, Charpentier et al. (2019)
reported that increasing pasture allowance (low,
medium, and high grazing time) had a significant
effect on the milk fat and protein of Alpine dairy
goats. Also, Surner et al. (2021) noticed that the
grazing system increased the fat percentage in milk
which is a primary demand by milk consumers.
Hence, a grazing management system should be
promoted for increased milk yield and quality.
Additionally, Granados-Rivera et al. (2022) observed
that the milk composition (fat, protein, and lactose

%) of creole grazing goats had a high significant
(P<0.05) effect compared to zero grazing goats
Paska$ et al. (2023) reported that French Alpine
goats milk composition (Fat, protein, lactose, SNF
and ash %) was strongly influenced by the different
husbandry methods (grazing or indoor system).
Finally, Smistad et al. (2024) stated that Norwegian
dairy goat’s milk composition (Fat, protein, and
lactose %) was significantly affected (P<0.01) by
management systems (pasture or indoor system).
Such differences between the previous author’s
results and our results may reflect the effect of the
different breeds used in each study.

Goats with the high supplement of dry guava
leaves (2%) produced a higher level of milk chemical
composition compared with goats fed on 0% dry
guava leaves and goats fed on 1% dry guava leaves.
Differences between means of goat’s milk
composition, due to supplement with dry guava
leaves effect was not significant (P>0.05) as observed
in Table 2. The composition of goat’s milk varies
with the breed and nutrition. The most significant
fluctuations are shown in protein percentage, whereas
the lactose levels and fat remain more or less stable.
Goats’ milk contains more whey proteins, like
globulins and albumins (25-39%), compared with
cows’ milk (15-17%). Also, the protein of goat’s
milk contains small amounts of alphasl-casein,
which makes it more suitable for children with cows’
milk protein allergy (Mohammed et al., 2020). There
were no significant differences between the means of
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milk of goat's composition, due to the effect of
interaction between the management system and
supplement with dry guava leaves.

Blood parameters:

The differences between means of blood
metabolites, due to the effect of the management
system (grazing or confinement) were not significant
except for cholesterol, triglyceride, LDL, and AST
(P<0.05) as presented in Table 3. Grazing goats'
blood metabolites and immune response were almost
the same without any differences with those in
confinement management system. The present results
imply the absence of any negative effects of the
management system (grazing or confinement) on
blood metabolites and immune response. The same
results were obtained by several authors; Caroprese
et al. (2016) showed that the immune profile of goats
was not affected by grazing management also,
Charpentier et al. (2019) confirmed that increasing
pasture allowance (low, medium, and high) grazing
time had no significant effect on blood metabolites of
Alpine dairy goats. Moreover on other species, Wang
et al. (2020) reported that grazing and confinement
management systems showed no differences in blood
metabolites and immune response of Small-tailed
Han sheep. Also, Matos et al. (2024) concluded that
there were no changes in the blood parameters of
Dorper sheep in relation to the grazing and
confinement management systems.

Goats supplemented with dry guava leaves had
the best level of blood metabolites and immune
response without significant differences except for
cholesterol, triglyceride, LDL, and AST (P<0.05) as
shown in Table 3. In accordance with previous
results of El-Sayed et al. (2013) which affirmed that
supplementation with 0, 0.5, and 1% dry guava

leaves by improved blood AST, ALT, cholesterol,
triglyceride, and superoxide dismutase (P<0.05).
Also, Abdelghani et al. (2024) stated that
supplements with guava leaves significantly reduced
blood cholesterol, triglyceride, and oxidative stress,
while enhancing antioxidant activity and immune
ability. These positive effects were also recorded in
the intestinal and hepatic architectures of animals fed
diets containing guava leaves. Finally, Ghoneemet al.
(2015), Morsy et al. (2019) and Hossain et al. (2024)
found that supplement with dry guava leaves
enhanced and acquired immune responses due to
antioxidant contents activity. There were no
significant differences between means of goat’s
blood metabolites, due to the effect of interaction
between the management system and supplement
with dry guava leaves except for cholesterol,
triglyceride, LDL, and AST (P<0.05).

Economic efficiency:

Grazing goats had a higher value of economic
efficiency than the confinement group. The
differences between means of economic efficiency,
due to the effect of the management system (grazing
or confinement) were significant (P<0.05) as shown
in Table 4. The same results were obtained by
Akinbode et al. (2024).

Goats supplemented with 2% GL had a higher
value of economic efficiency (P<0.05) as observed in
Table 4. These results aligned with El-Sayed et al.
(2013), Kuo et al. (2023) and Hossain et al. (2024).

There were significant (P<0.05) differences
between means of economic efficiency, due to the
effect of interaction between the management system
and supplement with dry guava leaves.

Table 3. Least-squares means (+SEM) of blood metabolites of Damascus goats

Management systems (M)

- - Significant
ltems Grazing system Confinement system
0%GL 1%GL 2%GL SEM 0%GL 1%GL 2%GL SEM M GL  MxGL
Total protein, g/dI 9.71 10.30 1005 0.04 9.70 10.29 1005 003 NS NS NS
Albumin, g/dI 5.86 6.03 5.95 0.02 5.97 6.13 6.05 0.08 NS NS NS
Globulin, g/dl 4.55 4.12 4.39 0.06 4.53 4.10 4.36 001 NS NS NS
Cholesterol, mg/dl 21475 214.95% 208.90° 5.14 210.09% 210.29% 204.24> 6.85 * * *
Triglyceride, mg/dl  181.34% 178.99° 179.39® 1.83 180.60° 178.25° 178.65° 2.58 * * *
HDL, mg/dl 76.84 75.49 7594 033  78.07 76.72 7717 065 NS NS NS
LDL, mg/dl 106.50* 98.01° 95.75® 0.75 104.36® 95.88° 93.61° 1.25 * * *
AST, U/L 55.29 56.79 5444 061 5495 56.45 5410 055 NS NS NS
ALT, U/L 14194 129.24° 137.39° 294 142578 129.87° 138.02° 2.30 * * *
SOD, U/mL 50.53 50.14 50.28 054 5142 51.03 51.17 060 NS NS NS
GSH, pmol/mL 3.60 3.55 3.63 0.16 3.59 3.55 3.63 020 NS NS NS
GSSG, pmol/mL 0.38 0.39 0.41 0.01 0.39 0.40 041 002 NS NS NS

ab.¢Means within a row with different letters different (P<0.05). SEM, Standard Error Mean; NS= not significant, * = P<0.05
HDL, High denisty lipoprotein; LDL, Low denisty lipoprotein; AST, aspartate transaminase; ALT, alanine transaminase; SOD, superoxide

dismutase; GSH, reduced glutathione; GSSG, oxidized glutathione.
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Table 4. The effects of the management system and supplementation with dry guava leaves on the economic

efficiency of Damascus goats

Grazing system

Confinement system

Item 0%GL  1%GL 2%GL SEM 0%GL 1%GL  2%GL  SEM

Marketable milk yield (kg/goat) 156.725 163.52 168.87 9.08  146.06 152.855 158.205 8.815
Income from marketable milk

(L.E./goat) 3768.125 4088 422175 6290 35015 3821.375 3955.125 58.875
Total feed intake (kg/goat) 136.5 141.75 147 2.14 126 131.25 136.5 2.695
Feed cost (L.E. /goat) 20475 2126.25 2205 6.73 1890 1968.75 2047.5 7.665
Labor cost (L.E. /goat) 100 100 100 100 100 100

Building rent value (L.E. /goat) 50 50 50 50 50 50

Electricity and water cost (L.E. 20 20 20 20 20 20

/goat)

Total costs (L.E. /goat) 22175 2296.25 2375 15.52 2060 2138.75 2217.5 17.035
Total income (L.E. /goat) 3768.125 4088 422175 76.06 35015 3821.375 3955.125 65.455
Profit net return (L.E. /goat) 1550.625¢ 1791.75° 1846.75° 23.79 14415° 1682.625° 1737.625% 21.97

Price of goat milk: 25 (L.E./kg); Price of dry guava leaves: 10 (L.E./kg); Price of goats ration: 15(L.E./kg); SEM, Standard

Error of Mean. Price of Egyptian clover: 10 (LE/kg).
ab.¢ Means within a row with different letters different (P<0.05).

CONCLUSION

The present study concluded that grazing
Damascus dairy goats supplemented with 2% dry
guava leaves achieved higher milk yield, improved
immune response, and enhanced economic efficiency
without negative effects on blood metabolites. Thus,
it is recommended that goat breeders use a grazing
management system supplemented with 2% dry
guava leaves in the diet to gain high milk yield,
enhanced immune response, and greater economic
profitability.
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