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Doxycycline (13 to 15days old). A total of 240 Ross broilers, with 12
birds per treatment group were used. Weekly data collection included
body weight and feed intake, while jejunal villi were sampled at 12, 21,
and 28 days for measurement.

Results indicated significant differences in villi morphology. At 5 days,
Kamias Fruit Extract showed notable improvements in villi width and
surface area compared to the Control and Dried Digman. By 14 days,
Katmon Fruit Extract significantly outperformed the Control, Dried
Digman, and Kamias Fruit Extract. At 21 days, Dried Digman and
Katmon Fruit Extract demonstrated superior villi measurements
compared to the Control and Kamias Fruit Extract. Notably, Katmon
Fruit Extract exhibited the greatest enhancement in villi length and crypt
depth ratio, particularly at 5 and 21 days.

In conclusion, all treatments showed potential as alternatives to

commercial antibiotics, with Kamias Fruit Extract beneficial in early

stages and Katmon Fruit Extract significantly improving villi

morphology and absorption capabilities. Dried Digman also performed

comparably to Doxycycline across the study period.
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Introduction:-

The fast increase in the global human population has driven up the demand for animal protein in human diets,
resulting in intensive broiler chicken production to satisfy this need. According to the Philippine Statistics Authority,
chicken demand has grown faster than that for other meats, largely due to its affordability, lower fat content, and the
lack of cultural or religious barriers. However, in addition to rising demand, the greatest challenge in global animal
husbandry is the complete elimination of antibiotics. Antibiotics have commonly been included in broiler feed to
promote intestinal health, growth, and feed efficiency (Ayalew Het,al 2020), However, some countries have
prohibited the use of antibiotic growth promoters (AGPs) due to concerns about their impact on human and animal
health.(Paul, S.S et.al 2021 and Koorakula.,et.al 2020), However, directly restricting antibiotic use in poultry will
likely result in reduced production performance.(Rathnayake, D et.al 2021). This highlights the need to pursue
antibiotic-free production, encouraging researchers to find alternatives to antibiotics in broiler chicken farming.
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Recently, a variety of studies have focused on discovering functional feed additives that can provide benefits
comparable to those of antibiotic growth promoters. (Qidong Zhu et al 2021).

The efficiently converting feed into its fundamental components for optimal nutrient absorption is essential for the
production and welfare of both broilers and broiler breeders(RichardA.Bailey,2019).Gut health is becoming an
increasingly crucial focus in broiler chicken production.(Qidong Zhu et.al 2021). it is a complex and dynamic area
that integrates aspects of nutrition, microbiology, immunology, and physiology, playing a vital role in production
outcomes. Compromised gut health can disrupt digestion and nutrient absorption, leading to poor feed conversion,
economic losses, and increased vulnerability to diseases. Furthermore, recent shifts in regulations concerning
antimicrobial use, along with evolving feed requirements and the emergence of more efficient poultry breeds,
highlight the urgent need for a deeper understanding of gut function and overall gut health.(Richard A.Bailey, 2019).

Therefore, different studies relating to gut health and natural plants alternative for antibiotics on broiler chickens are
taking into focus to knowtheir potentials in the poultry industry. Water thyme (Hydrilla verticillata) is an invasive,
rapidly growing submerged aquatic macrophyte located in Laguna de Bay. This monoecious plant features vibrant
green leaves with serrated edges, arranged in whorls of 3 to 10 along its stems (Chathurangani, et al 2016), this
aquatic plant confirmed to be an invasive species not onlyin Laguna Lake but alsoin different countries. It hasan
active ingredient of loliolide and thymidine (XIAO, Yu, 2007), also antioxidant activity ware also been proven
(Vashaith P Bhavsar et al 2016), andantimicrobial properties of ethanolic extracts derived from Hydrilla
verticillateagainst E.coli and C.albicans bacterium. The alkaloids and flavonoids are also responsible for antioxidant
and antimicrobial activity (Pandi Prabha S. et al 2015). Its major component ispytholthatconstitutesa (70.29%)
(PandiPrabha and Rajkumar, 2015). The natural compound phytol, after being converted into phytol sulfate, was
evaluated for its antibacterial properties. Phytol demonstrated significant antibacterial activity, proving to be
considerably more effective than both positive controls, streptomycin and ampicillin.(B. Pejin et.al 2014). It also
boasts a high concentration of various vitamins and minerals that are often difficult to obtain from plant sources. For
instance, it contains 15% elemental calcium on a dry weight basis, which is bound to carbohydrates, proteins, and
polyphenols. Additionally, it serves as a rich source of B vitamins and a variety of minerals such as chromium,
selenium, boron, and silica, along with amino acids, essential fatty acids, enzymes, antioxidants, and other health-
promoting compounds. Furthermore, it comprises approximately 50-60% complete protein and is particularly high in
lysine.(Vashaith P Bhavsar, et al 2016).

Kamias (Averrhoa bilimbi) is a small tree that can reach heights of up to 15 meters, characterized by its sparsely
arranged branches. Its compound leaves consist of 20 to 40 leaflets, each measuring between 5 to 10 centimeters in
length. (De Lima VL et.al 2001), A. bilimbi is primarily grown for its medicinal properties in various tropical and
subtropical regions worldwide. Research indicates that this plant is commonly utilized in folk medicine for treating
diabetes mellitus and hypertension, as well as serving as an antimicrobial agent.Chinju Merin Abraham highlights
that the bioactive compounds in A. bilimbi make it a promising candidate for future research in the fight against
drug-resistant bacteria, given its impressive antimicrobial properties.A comparative study on the fruit stages of
kamias revealed that extracts from mature A. bilimbi fruits exhibited the largest inhibition zones of 12.3 mm and 9.7
mm against the Gram-positive bacteria S. aureus and B. cereus, respectively. Young fruit extracts demonstrated a
maximum inhibition zone of 12 mm against Salmonella spp., followed closely by the mature stage at 11 mm and the
ripe stage at 9.3 mm. Both young and mature extracts displayed significantly stronger antimicrobial activity
compared to those from the ripe stage. (Seri Intan Mokhtar., et.al 2016). A. bilimbi contains oxalic acid, a strong acid
that may influence bacterial growth. The presence of oxalic acid in Averrhoa species can serve as a potent source of
antioxidants and exhibit antimicrobial activity against S. aureus.(Sripanidkulchai B et.al 2002), according to this
studies the Kamias extract has the potential to decrease the harmful bacteria In the broiler’s gut.

Dilleniaphilippinensis, commonly referred to as katmon in various local Philippine languages, belongs to the
Dilleniaceaefamily, which encompasses around 120 species. This particular species is endemic to the Philippine
islands and is typically found in forests at low to medium elevations. (NRCS- US,D.A 2010), reaching heights of 6 to
15 meters, the katmon tree has a smooth or nearly smooth trunk. Its leaves are leathery and glossy, shaped ovate,
elliptic, or oblong-ovate, measuring 12 to 25 centimeters long with coarsely toothed edges. The flowers are large,
white, soft, and fleshy, measuring 6 to 8 centimeters in diameter, with substantial fleshy sepals that tightly encase the
true fruit. The fruit of this tree is commonly used to add a sour flavor to Filipino dishes, such as sinigang, and is
particularly abundant in areas like Real, Infanta, and General Nakar in Quezon. (Wagan A.D.M et.al UPLB 2017).
This tree is commonly planted as an ornamental species, used in urban greening, as a hedge, living fence, and
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windbreak, and is also beneficial for riparian or wetland management. Additionally, it serves as a valuable timber tree
in Southeast Asia. The wood is utilized for various purposes, including general construction, poles, interior works,
furniture, boards and panels, veneers, plywood, and wooden articles. Moreover, a red dye can be extracted from the
bark. Beyond its common applications, this crop holds significant potential in the medicinal field. Consolacion
Ragasa et al. (2009) from De La Salle University concluded that the leaf extract exhibits notable antimicrobial
activity against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Candida
albicans, Aspergillus niger, and Trichophyton mentagrophytes. Additionally, it has shown promising anti-cancer
properties.

This study recognizes the needs for researching a potential and an alternative method on improving the performance
of broiler chickens without compromising its gut health, also limiting or complete removal of commercial anti-biotic
in their production process to eliminate the threat of anti-bacterial resistance that might affect the health of the
humans.

Materials and Method:-

A total of 240 Ross Broiler chicks were distributed across five treatments using a completely randomized design
(CRD). Each treatment was replicated four times, with 12 chicks assigned to each treatment.
Thetreatmentsusedwereasfollows:

T1:Pure commercial feeds & drinking water (control)

T2:Commercial feeds +3%percentof Dried Digman (1kilo of feeds + 30grams)

T3:Commercial feedsand 20%ofKamiasfruit extract +Drinking water (200ml + 1liter drinking water)
T4:Commercial feedsand 9%Katmon fruit extract +Drinking water (90ml + Drinking water)

T5: Commercial feeds and plain water + Commercial anti-biotic (Doxycycline) utilize in rate of the manufacturer

Two samples per treatment were gathered at the age of 12 days, 21 days, and 28 days (harvesting stage). The
jejunum cut for about 2inches was harvested and put in a container with formalin, it was delivered to the laboratory
for processing, measurement and analysis. The jejunum’s villi and crypt tissue slides having Smicrons of thickness
(cross section), were measured using Compound microscope E200 M1 4x/0.10 magnification scanner. Villi length
was measured from the tip of the villi to the crypt opening, while crypt length was assessed from the crypt opening
to the base. Villi width was determined by measuring the distance from the left edge to the right edge of the
villiA.A.Saki..et.al 2012.

The collected data were organized and presented in both textual and statistical tables. They were analyzed using
Analysis of Covariance (ANCOVA) for body weight, along with Analysis of Variance (ANOVA). Complete
Randomized Design (CRD) single factorial experiment for all the remaining dependent variables.

Results and Discussion:-

Body weight

The body weight gain per week of all the broiler chicken from the initial body weight to final body weight shows no
significant difference using at p< 0.05 from initial weight of the broiler chicken having mean value of 236.21grms,
225.60grms, 207.9grms, 224.27grms, for Control, Dried digman, Kamias, Katmon fruit extract and Doxycycline
respectively, however the Katmon mean value (498.18grams,950.961grams, and 1459.111grams) continually shows
higher value in comparison to other treatments mean value from week 1, week 2 up to final body weight, Dried
Digman (1438.59grams) and Doxycycline (1408.45) mean value at final body weight are also higher than control
group (1390.01) and Kamias fruit extract (1352.02). This data is also shown in the study of Zi Xieet al. 2020; some of
the treatments using antimicrobial peptides result in no significant difference in terms of body weight of yellow
feather chickens but significant in most of the intestinal morphological values.

Feed Intake

The feed intake per week of the broiler chickens shows no significant effect at 7 days exposure with mean value of
4217grms, 3959grms, 3713grms, 3975grms, and 4027grms for Control, Dried digman, Kamias fruit extract, Katmon
fruit extract, and Doxycycline, also no significant difference at 14 days of exposure with mean value of 10906grms,
10084grms, 9537grms, 9587grms and 9600grms, for Control, Dried digman, Kamias fruit extract, Katmon fruit
extract, and Doxycycline respectively, however at 21 days of exposure the control group show significant mean value
of feed intake in comparison to all the treatments, having mean value of 16820grms for control and 15037grms,
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13921grms, 14974grms, and 14294grms for Dried digman, Kamias fruit extract, Katmon fruit extract, and
Doxycycline respectively.

Feed Conversion Ratio

The analysis of variance shows the least mean value of FCR among the treatments per week; the result represents a no
significant difference from the 1st week to the final week (week 3); however, the data from Katmon fruit extract
performed to be the lowest FCR at the first 2 weeks of the experiment (x 1.308 and X 1.466); however, at the final
week, Katmon and Doxycycline show the lowest mean values of X 1.504 and X 1.55, respectively; however, there is
still no significant difference when compared to other treatments since their overall mean values of FCR are
somewhat the same from the data of week 1 up to the final week.

Villi Length

The result of data analysis on broiler chickens’ jejunum villi length in terms of days exposure, chickens exposed to
dried Digman, Kamias fruit extract, and Katmon fruit extract data (x 780.07um, X 793.72um, X 771.77um) resulted in
a higher mean value compared at the control group and Doxycycline group at 5 days exposure (X 720.38um, X
720.88um), however not statistically significant, this representation of data progressed till the 14 days of exposure
and 21 days of exposure. This data also aligns with a study that evaluated the intestinal health of broiler chickens
using antibacterial peptides. In this study, the control group showed no significant difference in villi length compared
to the groups treated with antibacterial peptides, as determined by a least significant difference test with p < 0.005,
indicating that the differences were not significant. (Zi Xieet al., 2020).

Villiwidth

The villi width data analysis for 5days exposure with the Kamias Fruit Extract (X 211.34um), show significant result
in both Control group, and Doxycycline (X 161.03um,173.58um), and the Dried Digman and Katmon fruit extract (X
202.39um,x200.97um) shows no significant difference in all the treatments, at 14days of exposure the Katmon fruit
extract (x 225.24um) shows significant difference in comparison to the Control group(x 165.86um), Dried digman (X
181.15um), and Kamias fruit extract (X 170.26pum), and Doxycycline (x 213.81um) on the other hand shows no
significant difference compared to Katmon fruit extract, and Dried digman, but significantly different from the
Kamias fruit extract and control group. The table for 21 days of exposure shows that Katmon fruit extract (227.41um)
and dried Digman (227.35um) show significant differences compared to the control group (164.03um), and Kamias
fruit extract (198.12um) shows no significant difference in comparison to Doxycycline (220.18um). Kamias fruit
extract shows no significant difference in Doxycycline. All throughout this data the Katmon perform the highest,
Dried digman and Doxycycline shows no significant difference from the start of data gathering, Kamias fruit extract
on the other hand perform the highest at first 5days of exposure but declined upon continuity of the exposure, this
may be caused by the Kamias extract capability of lowering the PH level on the broiler’s gut due its organic acid
components and a study suggested that lowering the PH level on broiler chickens gut can enhance the overall
performance and villi absorption capability Dibner, J.J,.etal.(2002), however the effect of long exposure to the
Kamias fruit extract may lower the PH level in a level that broiler can’t tolerate. These differences in the villi width of
jejunum in the broiler chicken can affect their overall performance by enhancing the absorption capability of the
intestine and widening the surface area of the villi. (Ivana Prakaturet et al., 2019)

Villi Surface Area

The villi surface area analysis shows that at  5days of exposure the Kamias fruit extract (X 22.91mm?) shows a
significant difference on the control group (x 18.91mm2) and Doxycycline (x 19.63mm?2).However, when compared
to Dried digman (X 22.15mm?) and Katmon fruit extract (X 22.01mm?) it shows no significant difference . The
14days of exposure resulted in a significant difference for Katmon fruit extract (X 26.16mm?) in comparison to the
Control group (X 22.26mm?), Dried digman (X 22.30mm?), and Kamias fruit extract (X 22.08mm?) but statistically
not significant at Doxycycline treatment (X 23.51mm?2), all the treatments also show no statistical difference at the
mean value of Doxycycline. The data for 21days of exposure resulted in a significant difference for Katmon fruit
extract (X 27.13mm?), Dried digman (X 26.14mm3), and Doxycycline (X 25.95mm?), when compared to the Control
group (X 22.54mm?2) and Kamias fruit extract treatment (x 23.48mm?2).The data shown that indicates the higher value
of surface area in jejunums’ villi enhances the absorbative capability of the intestine, this data of villi surface area
also manifested in the study of Mile R.D.,et.al 2006 which uses antibiotics as a growth promoters on broiler
chickens. This data may suggest that the chemical composition of the treatment said on the related studies may alter
the commercial antibiotics in terms of growth promoting and the development of overall surface area.
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Villi Length to Crypt Depth Ratio

The villi length and crypt ratio show the difference of the treatments in different number of days the subjects have
been exposed. In the first 5days of exposure , the Katmon Fruit extract treatment (x 7.25um) shows a significant
difference in comparison to Control group (X 5.04pum) Doxycycline (x 4.94um), Kamias (x 4.88um) and Dried
Digman (x 4.47um), The data on comparing the treatments in their 14days of exposure resulted in no significant
difference in all the treatments, Katmon fruit extract data present the highest mean value of 6.16um followed by
Kamias fruit extract 5.65um, Doxycycline 5.49um, Dried digman 4.80um, and control performing the least for
having mean value of 4.67um. The data comparing the treatments for their 21days of exposure resulted in a
significant difference for Katmon fruit extract (x7.21um) in comparison to the 4 treatments, namely Doxycycline (X
5.38um), Dried digman (x 4.91um), Control (X 4.80pum), and Kamias fruit extract (x 4.73um). This data suggests that
a higher ratio of villi length to crypt depth is associated with improved digestion and nutrient absorption.
Additionally, this measurement technique is used to assess the impact of various diets on gut microanatomy and for
histological quantification of intestinal responses to disease processes, Wilson,F.D,.et.al 2018, also the lower the
value of the villi to crypt ratio indicates severe damage K.Matsuda,.et.al 2020.1t is noticeable that Kamias fruit extract
show lowest mean value at the end of the experiment this poor performance of Kamias compared to control group
may be due to the presence of high acid level on kamias fruit extract since that it could possibly affect the overall
intestinal villi of the broiler chicken by lowering the PH level in a significant manner as resulted in the study of
RouhollahN.,et.al 2010.

Table 1:-Results of tests in difference dependent Variables.

Dependent Days of | Control 3%Dried Kamias F.E Katmon F.E | Doxycycline
Variables Exposure Digman
Body Weight 1day 228.08 225 221.85 211.14 224.23
7days 491.63 491.48 486.54 465.56 498.7
14days 930.67 953.35 911.7 872.38 961.4
21days 1404 1424.37 1399.03 1381.15 1439.62
7days 4217 3959 3713 3975 4027
Feed Intake 14days 10906 10084 9537 9587 9600
21days 16820° 15037° 13921° 14974 14294
Feed 7days 1.22 1.26 1.24 1.31 1.25
Conversion 14days 1.39 1.46 1.4 1.47 1.4
Ratio 21days 1.66 1.61 1.6 1.57 1.55
Villi Length 5days 720.38 780.07 793.72 771.77 720.88
14days 986.08 884.39 923.62 981.35 832.45
21days 989.31 978.4 888.09 1033.51 987.39
Villi Width 5days 161.03° 202.39% 211.34° 200.97® 173.58™
14days 165.86° 181.15™ 170.26° 225.24° 213.81°
21days 164.03° 227.35° 198.12° 227.41° 220.18®
Villi  Surface | 5days 18.91° 22.15® 22.91° 22.01% 19.63™
Area 14days 22.26° 22.30 22.08° 26.16° 23517
21days 22.54° 26.14° 23.48° 27.13° 25.95°
Villi  Length: | 5days 5.04° 4.47° 4.88° 7.25° 4.94°
Crypt  Depth | 14days 4.67° 4.8 5.65° 6.15° 5.49°
Ratio 21days 4,80 491" 473 7.21° 5.38"

In a column, mean value with the same letter is not significantly different at P<0.005 by LSD,

Conclusion:-

The Katmon fruit extract and dried Digman can have the highest potential to alter the commercial antibiotics in
terms of enhancing the overall villi length, villi width, surface area, and villi length to crypt depth ratio of the
jejunum’s microvilli. Since Katmon performs higher, if not equally, in comparison to doxycycline treatment, in
terms of growth performance, Katmon fruit extract steadily shows a higher mean value all throughout the
experiment. Dried digman shows no significant difference in comparison to doxycycline treatment in most of the
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parameters, proving that it also has the potential to alter commercial antibiotics. Kamias also had the potential to
greatly affect the jejunum’s villi morphology. Kamias fruit extract presented a significant difference from villi width
and surface area at the 5 days of exposure, meaning the effect of the Kamias fruit extract could depend on the
duration of exposure since the mean value diminishes as it prolongs the exposure. Given this data, the villi
morphology, namely villi length, width, surface area, and villi length to crypt depth ratio, is commonly used as an
indicator for the damage accession against diseases and harmful microbes.

Recommendation:-

1. Broiler chicken farmers may utilize the Digman and Katmon fruit for it is widely available on the country and
there was no price value for these crops, and Digman also considered pest in some country and areas in the
Philippines.

2. When it comes to the overall jejunum morphology the results of the study shows that the Katmon significantly

enhance the intestinal absorption of jejunum, making it a good alternative for the commercial antibiotic as a

growth promotants, while the Dried digman can also consider since it shows no significant difference on the

doxycycline treatment for the whole experiment.

Using Kamias extract maybe a good growth promotant however the exposure to the extract can be decrease.

4. Researchers may use Katmon in different inclusion, or powderize the Katmon and check its chemical
constituents/ compositions, may be by using a powderizedKatmon that can be dilute into the water in much
more manipulated manner could eliminate the viscosity issue that limiting the inclusion ratio. They can also
reconduct the experiment with having a higher sample size and to add a blood serum parameter to analyze the
other aspects of the broiler’s health.

5. Dried digman may also be a valuable inclusion for the Broiler feeds, replacing other raw materials, may also be
used for pelletized feeds, crumbles and mash.

w

References:-

1. Alhassan,A.M., & Ahmed, Q.U., (2016), Averrhoa bilimbi Linn.: A review of its ethnomedicinal uses,
phytochemistry, and pharmacology, J Pharm Bioallied Sci. 2016 Oct-Dec; 8(4): 265-271. https://doi: 10.4103/0975-
7406.199342

2. Agyare, Christian, Vivian Etsiapa Boamah, Crystal Ngofi Zumbi, and Frank Boateng Osei. 2019. ‘Antibiotic Use
in Poultry Production and Its Effects on Bacterial Resistance’. Antimicrobial Resistance - A Global Threat.
IntechOpen. doi:10.5772/intechopen.79371.

3. Arguelles, Eldrin. (2019). Descriptive Study of Some Epiphytic Algae Growing on Hydrilla verticillata (L.f )
Royle (Hydrocharitaceae) found in the Shallow Freshwater Lake Laguna de Bay (Philippines). 23. 15-28.
DOI:10.21608/EJABF.2019.29300

4. Ayalew H, Zhang H, Wang J, Wu S, Qiu K, Qi G, Tekeste A, Wassie T, Chanie D. (2022), Potential Feed
Additives as Antibiotic Alternatives in Broiler Production. Front Vet Sci. Jun 17(9)916473. doi:
10.3389/fvets.2022.916473

5. Chau, T. P., Muthusamy, M., Chinnathambi, A., Alahmadi, T. A., & Kuppusamy, S. (2021). Optimization of
extraction and quantification of Flavonoids from Averrhoa bilimbi fruits using RP-HPLC and its correlation
between total flavonoids content against antimicrobial activity. Applied Nanoscience. http://doi:10.1007/s13204-
021-02020-1

6. Chathurangani D, K. Yakandawala2, & D. Yakandawala3, (2016) A Study on Competition Between Hydrilla
verticillata and Mayaca fluviatilis Journal of Environmental Professionals Sri  Lanka: 5(1)11-22
DOI:10.4038/jepsl.v5i1.7865

7. Chetia, S., Bharali, M.K. (2023), Dillenia indica fruit extract alleviates sucrose-induced fatty liver and improves
serum biochemical alterations in mice. Nutrire 48, 7. https://doi.org/10.1186/s41110-023-00190-2

8.Crhanova M, Hradecka H, Faldynova M, Matulova M, Havlickova H, Sisak F, Rychlik 1. 2011. Immune Response
of Chicken Gut to Natural Colonization by Gut Microflora and to Salmonella enterica Serovar Enteritidis Infection.
Infect Immun 79: 2755-2763https://doi.org/10.1128/iai.01375-10

9. Chua-Barcelo, Racquel. (2014). Ethno—botanical survey of edible wild fruits in Benguet, Cordillera administrative
region, the  Philippines.  Asian  Pacific  journal  of  tropical  biomedicine, 4, 525-38.
DOI:10.12980/APJTB.4.201414B36.

10. Castanon JI. (2007), History of the use of antibiotic as growth promoters in European poultry feeds. Poult Sci.
86(11):2466-71. doi: 10.3382/ps.2007-00249.

409


https://pubmed.ncbi.nlm.nih.gov/?term=Alhassan%20AM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmed%20QU%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5314823/
https://doi.org/10.4103%2F0975-7406.199342
https://doi.org/10.4103%2F0975-7406.199342
http://dx.doi.org/10.4038/jepsl.v5i1.7865
https://doi.org/10.1186/s41110-023-00190-2
https://doi.org/10.1128/iai.01375-10

ISSN: 2320-5407 Int. J. Adv. Res. 12(09), 404-413

11. Costa MC, Bessegatto JA, Alfieri AA, Weese JS, Filho JA, & Oba A. (2017) Different antibiotic growth
promoters induce specific changes in the cecal microbiota membership of broiler chicken. PLoS One,
12(2),0171642. doi: 10.1371/journal.pone.0171642.

12. De Lima VL, Mélo ED, Lima LD. (2001) Physicochemical characteristics of bilimbi (Averrhoa bilimbi L.) Rev
Bras Frutic. 23:421-3.https://doi.org/10.1590/S0100-29452001000200045

13. D. F. Apata, 2009. Antibiotic Resistance in Poultry. International Journal of Poultry Science, 8: 404-408. DOI:
10.3923/ijps.2009.404.408

14. Behera,B., & Satapathy, K.B (2023), Studies on in vitro evaluation of antibacterial and antioxidant activity of
Hydrilla  verticillata  (L.f) Royle, Plant Science  Today ISSN  2348-1900,10(4): 66-71,
https://doi:https://doi.org/10.14719/pst.2312

15. Bhavsar V, Panchal A, & Maheshwar O, (2016) Potential Review of Hydrilla, J Pharm Sci Bioscientific, 6
6(3):436-441, http://lwww.jpsbr.org/volume_6/JPSBR_Vol 6 Issue_1 htm_files/JIPSBR16RS3024.pdf

16. Escala E., Abada.J.C., Baticados R., Bermejo jr A., & Zamora F. (2015), Kamias fruit extract (Averrhoa bilimbi)
supplementation for growth performance of Broiler, International Journal for Current Research 7(4), 14899-14900
http//:DOI:10.13140/RG.2.2.36284.36482

17. Fasina YO, Hoerr FJ, McKee SR, Conner DE. (2010), Influence of Salmonella enterica serovar Typhimurium
infection on intestinal goblet cells and villous morphology in broiler chicks. Avian Dis. 54(2):841-7. doi:
10.1637/9055-090809-Reg.

18. Garriga C., Hunter R. R., Amat C., Planas J. M., Mitchell M. A., and Moretd6 M. (2006), Heat stress increases
apical glucose transport in the chicken jejunum. Am. J. Physiol. Regul. Integr. Comp. Physiol. 290: 195-201. doi:
10.1152/ajpregu.00393.2005

19 Golder HM, Geier MS, Forder RE, Hynd PI, Hughes RJ. (2011) Effects of necrotic enteritis challenge on
intestinal micro-architecture and mucin profile. Br Poult Sci. 52(4):500-6. doi: 10.1080/00071668.2011.587183.
PMID: 21919578.

20. Hasanuzzaman, M., Ali, M. R., Hossain, M., Kuri, S., & Islam, M. S. (2013). Evaluation of total phenolic
content, free radical scavenging activity and phytochemical screening of different extracts of Averrhoa bilimbi
(fruits). Int curr pharm j, 2(4), 92-6 DOI:10.3329/icpj.v2i4.14058

21. Irida Palamidi, Konstantinos C. Mountzouris, (2018), Diet supplementation with an organic acids-based
formulation affects gut microbiota and expression of gut barrier genes in broilers,Animal Nutrition,4(4),367-
377,https://doi.org/10.1016/j.aninu.2018.03.007.

22. Jaiswal, S., Mansa, N., Prasad, M. S. P., Jena, B. S., & Negi, P. S. (2014). Antibacterial and antimutagenic
activities of Dillenia indica extracts. Food Bioscience, 5, 47-53. https://doi:10.1016/j.fbi0.2013.11.005

23. Karimi, Seyed Hossein. (2015). Effects of Red Seaweed (Palmariapalmata) Supplemented Diets Fed to Broiler
Chickens Raised under Normal or Stressed Conditions.

24. Kikusato M., Xue G., Pastor A., Niewold T.A. &Toyomizu M., (2020) Effects of plant- derived is quinoline
alkaloids on growth performance and intestinal function of broiler chickens under heat stress, Poultry Science,
https://doi.org/10.1016/j.psj.2020.11.050.

25. Koorakula R, Schiavinato M, Ghanbari M, Wegl G, Grabner N, Koestelbauer A, Klose V, Dohm JC, Domig KJ.
(2020) Metatranscriptomic Analysis of the Chicken Gut Resistome Response to In-Feed Antibiotics and Natural
Feed Additives. Front Microbiology, 14(13) 833790. doi: 10.3389/fmich.2022.833790.

26. Kumar A, Gousia SK, Anupama, M. & Latha V.N (2013) A Review on Phytochemical Constituents and
Biological Assays of Averrhoa Bilimbi. International Journal of Pharmacy and Pharmaceutical Science Research
3(4): 136-139, https://www.researchgate.net/publication/322701172

27. L.R. McDOWELL, L.C. LIZAMA, J.E. MARION, C.J. WILCOX, (1990) Utilization of Aquatic Plants Elodea
canadensis and Hydrilla verticillata in Diets for Laying Hens, Performance and Egg-Yolk Pigmentation, Poultry
Science,69 (4)673-678 https://doi.org/10.3382/ps.0690673.

28. Lee, W., Woo, E.-R., & Lee, D. G. (2016). Phytol has antibacterial property by inducing oxidative stress
response in Pseudomonas aeruginosa. Free Radical Research, 50(12), 1309-1318.
https://doi:10.1080/10715762.2016.1241395

29. Lizama L.C., Marion J.E. &Mcdowell L.R. (1988), Utilization of Aquatic Plants Elodea canadensis and
Hydrilla verticillata in Broiler Chick Diets, Departments of Animal and Poultry Science, University of Florida,
Gainesville, FL 32611 (U, S.A.) Animal Feeds and Technology, 20 155-161

30. Lizama, L.C.; Marion, J.E. & McDowell, L.R. (1988). Utilization of aquatic plants Elodea canadensis and
Hydrilla verticillata in broiler chick diets., Animal feeds science and technology, 20(2), 155-
161. https://doi:10.1016/0377-8401(88)90039-9

410


https://doi.org/10.1590/S0100-29452001000200045
https://doi.org/10.14719/pst.2312
http://dx.doi.org/10.13140/RG.2.2.36284.36482
http://dx.doi.org/10.3329/icpj.v2i4.14058
https://doi.org/10.1016/j.psj.2020.11.050
https://www.researchgate.net/publication/322701172
https://doi.org/10.3382/ps.0690673
https://doi:10.1080/10715762.2016.1241395
https://doi:10.1016/0377-8401(88)90039-9

ISSN: 2320-5407 Int. J. Adv. Res. 12(09), 404-413

31. M.N. Wan Norhana, Mohd Nor Azman A., Susan E. Poole, Hilton C. Deeth, Gary A. Dykes, (2009) Effects of
bilimbi (Averrhoa bilimbi L.) and tamarind (Tamarindus indica L.) juice on Listeria monocytogenes Scott A and
Salmonella Typhimurium ATCC 14028 and the sensory properties of raw shrimps, International Journal of Food
Microbiology, 136, (1), 88-94, https://doi.org/10.1016/j.ijfoodmicro.2009.09.011.

32. Ma, J.L., Zhao, L.H., Sun, D.D. et al. (2020), Effects of Dietary Supplementation of Recombinant Plectasin on
Growth Performance, Intestinal Health and Innate Immunity Response in Broilers. Probiotics &Antimicro. 12, 214—
223 https://doi.org/10.1007/s12602-019-9515-2

33. Mackeen, M. M., Ali, A. M., El-Sharkawy, S. H., Manap, M. Y., Salleh, K. M., Lajis, N. H., & Kawazu, K.
(1997). Antimicrobial and Cytotoxic Properties of Some Malaysian Traditional Vegetables (Ulam). International
Journal of Pharmacognosy, 35(3), 174-178. https://doi.org/10.1076/phbi.35.3.174.13294

34. Mathew AG, Liamthong S, Lin J, (2009), Evidence of Int 1 transfer between Escherichia coli and Salmonella
typhi. Food Biology. 6(8):959-964

35. Miles, R. D., Butcher, G. D., Henry, P. R., & Littell, R. C. (2006). Effect of antibiotic growth promoters on
broiler performance, intestinal growth parameters, and quantitative morphology. Poultry Science, 85(3), 476—
485. http://d0i:10.1093/ps/85.3.476

36. Mohamed E. Abd El-Hack, Mohamed. T. El-Saadony, Abdulmohsen H. Alghtani, Ayman A. Swelum, Heba M.
Salem, Ahmed. R. Elbestawy, Ahmed E. Noreldin, Ahmad O. Babalghith, Asmaa F. Khafaga, Mohamed I. Hassan,
Khaled A. El-Tarabily,The relationship among avian influenza, gut microbiota and chicken immunity: an updated
overview, Poultry Science,101(9),102021, https://doi.org/10.1016/j.psj.2022.102021.

37. Mokhtar SI, Aziz NAA (2016) Antimicrobial Properties of Averrhoa bilimbi Extracts at Different Maturity
Stages. J Med MicrobDiagn 5,233. d0i:10.4172/2161-0703.1000233

38. Nain, S., Renema, R. A., Zuidhof, M. J., & Korver, D. R. (2012). Effect of metabolic efficiency and intestinal
morphology on variability in n-3 polyunsaturated fatty acid enrichment of eggs. Poultry Science, 91(4), 888—
898. http://doi:10.3382/ps.2011-01661

39. Nourmohammadi, Rouhollah& Hosseini, Seyyed Moh'd &Farhangfar, Homayoun. (2010). Effect of Dietary
Acidification on Some Blood Parameters and Weekly Performance of Broiler Chickens. Journal of Animal and
Veterinary Advances. 9 (10), 3092-3097. http:// DOI:10.3923/javaa.2010.3092.3097

40. Oladokun S, Clark KF, Adewole DI. (2022), Microbiota and Transcriptomic Effects of an Essential Oil Blend
and Its Delivery Route Compared to an Antibiotic Growth Promoter in Broiler Chickens. Microorganisms.
21;10(5):861. doi: 10.3390/microorganisms10050861

41. P. Boonkeaw W. Ngampongsai, N. Preuksa (2021), Effect of Hydrilla verticillata in Feed on Production
Performance and Carcass Characteristics of Thai Native Chickens, Indian Journal of Animal Research,
doi:10.18805/1IJAR.B-1397

42. Pan D, Yu Z. (2014) Intestinal microbiome of poultry and its interaction with host and diet. Gut Microbes.
(1):108-19. doi: 10.4161/gmic.26945.

43. Pandi Prabha S.& Johanna Rajkumar (2015), Phytochemical screening and bioactive potential of Hydrilla
verticillata2015 J. Chem. Pharm 7(3):1809-1815
https://www.researchgate.net/publication/306180562_Phytochemical_screening_and_bioactive potential_of Hydril
la_verticillata

44, Patra AK, Kar I. (2021) Heat stress on microbiota composition, barrier integrity, and nutrient transport in gut,
production performance, and its amelioration in farm animals. J Anim Sci Technol, 63(2):211-247. doi:
10.5187/jast.2021.e48.

45. Pejin B, Savic A, Sokovic M, Glamoclija J, Ciric A, Nikolic M, Radotic K, Mojovic M. (2014) Further in vitro
evaluation of antiradical and antimicrobial activities of phytol. Nat Prod Res.;28(6):372-6. doi:
10.1080/14786419.2013.869692

46. Prabha, S. P., Karthik, C., & Chandrika, S. H. (2019). Phytol — A biosurfactant from the aquatic weed Hydrilla
verticillata. Biocatalysis and Agricultural Biotechnology (17). 736-742, https://doi:10.1016/j.bcab.2019.01.026

47. Prakatur, 1., Miskulin, M., Pavic, M., Marjanovic, K., Blazicevic, V., Miskulin, I., &Domacinovic, M.
(2019) Intestinal Morphology in Broiler Chickens Supplemented with Propolis and Bee Pollen. Intestinal
Morphology in Broiler Chickens Supplemented with Propolis and Bee Pollen. Animals, 9(6),
301. https://doi:10.3390/ani9060301

48. Proximate Compositions, Phenolic Compounds, Antioxidant Capacity and Antibacterial Activity of Chulta
(Dillenia indica Linn.) Fruits: Effects of Maturity Stage and Extraction Solvent, Journal of Food Health and
Bioenvironmental Science, 11 (1): 58-78, https://www.thaiscience.info/Journals/Article/SDUJ/10989797.pdf

49. Ragasa, C, Alimboyoguen, A & Shen, Chien-Chang. (2009). Antimicrobial Triterpenes from
Dilleniaphilippinensis. The Philippine Scientist. 46. 78-87. DOI:10.3860/psci.v46i0.1454.

411


https://doi.org/10.1007/s12602-019-9515-2
https://doi.org/10.1076/phbi.35.3.174.13294
http://doi:10.3382/ps.2011-01661
http://dx.doi.org/10.3923/javaa.2010.3092.3097
https://arccjournals.com/journal/indian-journal-of-animal-research
https://www.researchgate.net/publication/306180562_Phytochemical_screening_and_bioactive_potential_of_Hydrilla_verticillata
https://www.researchgate.net/publication/306180562_Phytochemical_screening_and_bioactive_potential_of_Hydrilla_verticillata
https://doi:10.1016/j.bcab.2019.01.026
https://doi:10.3390/ani9060301
https://www.thaiscience.info/Journals/Article/SDUJ/10989797.pdf

ISSN: 2320-5407 Int. J. Adv. Res. 12(09), 404-413

50. Rahman S.S, Meherunnahar, Reja M., Islam R., Shakh M.A, & Rahman H. (2023), Proximate nutrient analysis
of elephant apple (Dillenia indica) fruit and its hypoglycemic, and hypolipidemic potentials in alloxan-induced
diabetic rats, (1), 1355-1361, https://doi.org/10.1016/j.foohum.2023.10.003

51. Ravindran, Velmurugu, and M. Reza Abdollahi. (2021), "Nutrition and Digestive Physiology of the Broiler
Chick: State of the Art and Outlook" Animals 11(10) 2795. https://doi.org/10.3390/ani11102795

51.  RichardA.Bailey, (2019), Gut Health in Poultry - the World within, Avian
health(1),11https://en.aviagen.com/assets/Tech_Center/Broiler_Breeder_Tech_Articles/English/AviagenBrief-
GutHealth-2019-EN.pdf

52. Rychlik 1. (2020), Composition and Function of Chicken Gut Microbiota. Animals (Basel). 8;10(1):103. doi:
10.3390/ani10010103.

53. S.V. Rama Rao, J. Raju, T. Srilatha, D. Nagalakshmi, M.V.L.N. Raju, S.S. Paul, B. Prakash, (2022), Effect of
supplementing papaya (Carica papaya) latex on performance, carcass traits and nutrient digestibility in broiler
chicken fed recommended and sub-optimal levels of dietary protein, Animal Feed Science and Technology, 285,
115226, https://doi.org/10.1016/j.anifeedsci.2022.115226.

54. SaikiaD,Kesavan R, Inbaraj B.S, Dikkala P.K, Nayak P.K,& Kandi Sridhar K, (2023), Bioactive Compounds
and Health-Promoting Properties of Elephant Apple (Dillenia indica L.): A Comprehensive Review, Foods. 12(16):
2993, http:// doi: 10.3390/foods12162993

55. Saikia, Deepanka& Kesavan, Radha krishnan& Sharma, Minaxi & Inbaraj, Baskaran & Nayak, Prakash Kumar
&Sridhar, Kandi (2024). Development and Performance Analysis of an Automatic Core Cutter for Elephant Apple
(Dillenia indica L.) Processing. Foods. 13(848), DOI: 10.3390/foods13060848.

56. Saki A A, Abbasinezhad M, Ghazi S, Tabatabai M M, Ahamdi A, Zaboli K. Intestinal Characteristics, Alkaline
Phosphatase and Broilers Performance in Response to Extracted and Mechanical Soybean Meal Replaced by Fish
Meal. 14 (1) :105-114, http://jast. modares.ac.ir/article-23-1165-en.html

57. Sarangi, N. R., Babu, L. K., Kumar, A., Pradhan, C. R., Pati, P. K., & Mishra, J. P. (2016). Effect of dietary
supplementation of prebiotic, probiotic, and symbiotic on growth performance and carcass characteristics of broiler
chickens. Veterinary World, 9(3), 313-319. https://doi:10.14202/vetworld.2016.313-319

58. Shawkat A. M'Sadeq, Shubiao Wu, Robert A. Swick, Mingan Choct,(2015),Towards the control of necrotic
enteritis in broiler chickens with in-feed antibiotics phasing-out worldwide, Animal Nutrition,1(1),1-
11,https://doi.org/10.1016/j.aninu.2015.02.004.

59. Simon A, Gulyas G, Mészar Z, Bhide M, Olah J, Bai P, Csész E, Javor A, Komlési I, Remenyik J, Czeglédi L.
(2019) Proteomics alterations in chicken jejunum caused by 24 h fasting. Peer). Mar 26;7:6588. doi:
10.7717/peerj.6588

60. Sokale, A.O.,Menconi, A., Mathis G. F,. Lumpkins B., Sims M. D., Whelan R.A., &Doranalli K. 2019 Effect of
Bacillus subtilis DSM 32315 on the intestinal structural integrity and growth performance of broiler chickens under
necrotic enteritis challenge. Poultry Science (0)1-9 https://doi.org/10.3382/ps/pez368

61. Sripanidkulchai, B, Tattawasart, U, Laupattarakasem, P &Wongpanich, V. (2002). Anti-inflammatory and
bactericidal properties of elected indigenous medicinal plants used for dysuria. Thai J. Pharm. Sci. 26 33-38.
DOI:10.56808/3027-7922.2284

62. Sugiharto S, Pratama A, Yudiarti T, &Ayasan T, (2021), Effect of novel natural feed additive containing
Averrhoa bilimbi L. fruit filtrate, wheat bran, and Saccharomyces cerevisiae on growth performance and meat
characteristics of broilers, Vet World, 14(11): 3007-3014.

63. Sugiharto, S. 2020. “The Potentials of Two Underutilized Acidic Fruits (Averrhoa Bilimbi L. And Phyllanthus
Acidus L.) As Phytobiotics for Broiler Chickens”. Journal of Advanced Veterinary Research 10(3),179-85.
https://advetresearch.com/index.php/AVR/article/view/464.

64. Sweta Jaiswal, N. Mansa, M.S. Pallavi Prasad, Bhabani Sankar Jena, Pradeep Singh Negi (2013), Antibacterial
and antimutagenic activities of Dillenia indica extracts, Food Bioscience,5,47-53,
https://doi.org/10.1016/j.fbio.2013.11.005.

65. Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, Teillant A, Laxminarayan R.
(2015) Global trends in antimicrobial use in food animals. Proc Natl Acad Sci U S A. 5;112(18):5649-54. doi:
10.1073/pnas.1503141112.

66. Wei, Ming-Feng & Cheng, Ching-Hsueh & Wen, Shu-Yu & Lin, Jui-Chueh & Chen, Yu-Hsuan & Wang, Chun-
Wei & Lee, Yi-Hsuan & Kuo, Sung-Hsin. (2022). Atorvastatin Attenuates Radiotherapy-Induced Intestinal Damage
through Activation of Autophagy and Antioxidant Effects. Oxidative Medicine and Cellular Longevity. 1(20),
DOI:10.1155/2022/7957255

412


https://doi.org/10.1016/j.foohum.2023.10.003
https://www.thepoultrysite.com/contributors/dr-richard-a-bailey
https://www.thepoultrysite.com/contributors/dr-richard-a-bailey
https://www.thepoultrysite.com/contributors/dr-richard-a-bailey
https://pubmed.ncbi.nlm.nih.gov/?term=Saikia%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kesavan%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Stephen%20Inbaraj%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Dikkala%20PK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nayak%20PK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sridhar%20K%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10453057/
https://doi.org/10.3390%2Ffoods12162993
http://jast.modares.ac.ir/article-23-1165-en.html
https://doi.org/10.3382/ps/pez368
http://dx.doi.org/10.56808/3027-7922.2284
https://advetresearch.com/index.php/AVR/article/view/464
https://doi.org/10.1016/j.fbio.2013.11.005
http://dx.doi.org/10.1155/2022/7957255

ISSN: 2320-5407 Int. J. Adv. Res. 12(09), 404-413

67. Wilson, F. D., Cummings, T. S., Barbosa, T. M., Williams, C. J.,, Gerard, P. D., & Peebles, E. D.
(2018). Comparison of two methods for determination of intestinal villus to crypt ratios and documentation of early
age-associated ratio changes in broiler chickens. Poultry Science, 97(5), 1757-1761. http://doi:10.3382/ps/pex349
68. XIAO, Y, WANG, Yan-L, GAO, Shi-X,S, Cheng,Z, & Zhong-Y. (2007) Chemical Composition of Hydrilla
Verticillata (L. f.) Royle in Taihu Lake.25(5), 661—665

69. Yu Y, Lin L, Yanyan Y, Yanjun L, Huiling H, Yunhui C, Chaomei F, & Tian X. (2020), Shengmai Yin formula
modulates the gut microbiota of spleen-defciency rats. Chinese Medicine 15:114, https://doi.org/10.1186/513020-
020-00394-y

70. Yuko Sato, (2020), Common Infectious Diseases in Backyard Poultry, https://www.msdvetmanual.com/exotic-
and-laboratory-animals/backyard-poultry/common-infectious-diseases-in-backyard-poultry

71. Zakaria, Zainul Amiruddin & Zaiton, H. & Henie, E.F.P. & Mat Jais, Abdull & Zainuddin, E.N.H. (2007). In
vitro antibacterial activity of Averrhoa bilimbi L. leaves and fruits extracts. Int J Trop Med. 2. 96-
100.https://api.semanticscholar.org/CorpusID:90381665

72. Zhang X, Zhao Q, Wen L, Wu C, Yao Z, Yan Z, Li R, Chen C, Chen F, Xie Z, Chen F, & Xie Q. (2021), The
Effect of the Antimicrobial Peptide Plectasin on the Growth Performance, Intestinal Health, and Immune Function
of Yellow-Feathered Chickens, Vet. Sci.8(3),1-18 | https://doi.org/10.3389/fvets.2021.688611

73. Zhu C, Bai Y, Xia X, Zhang M, Wu X, Wu Y, Bai Y, Liu S, Zhang G, Hu J, Fotina H, Wang L, Zhao X. (2022)
Effects of the Antimicrobial Peptide Mastoparan X on the Performance, Permeability and Microbiota Populations of
Broiler Chickens. Animals (Basel). 8;12(24):3462. doi: 10.3390/ani12243462.

74. Zhu Q, Sun P, Zhang B, Kong L, Xiao C, Song Z. (2021) Progress on Gut Health Maintenance and Antibiotic
Alternatives in Broiler Chicken Production. Front Nutr. 17;(8):692839. doi: 10.3389/fnut.2021.692839.

413


https://doi.org/10.1186/s13020-020-00394-y
https://doi.org/10.1186/s13020-020-00394-y
https://www.msdvetmanual.com/exotic-and-laboratory-animals/backyard-poultry/common-infectious-diseases-in-backyard-poultry
https://www.msdvetmanual.com/exotic-and-laboratory-animals/backyard-poultry/common-infectious-diseases-in-backyard-poultry
https://api.semanticscholar.org/CorpusID:90381665
https://doi.org/10.3389/fvets.2021.688611

