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RINGKASAN

ANNISA WIDYA ANANDA. Analisis Jeda Vaksin Oral dan Adjuvan Serbuk
Batang Pisang Untuk Ketahanan Udang Vaname Terhadap Infeksi Vibrio
parahaemolyticus.  Dibimbing oleh SRl  NURYATI, DINAMELLA
WAHJUNINGRUM dan MUNTI YUHANA.

Acute hepatopancreatic necrosis disease (AHPND) merupakan penyakit
bakterial akibat Vibrio parahaemolyticus pembawa toksin PirA dan PirB, menjadi
ancaman serius bagi keberlanjutan budidaya udang vaname karena menyebabkan
nekrosis hepatopankreas akut dan mortalitas tinggi, sementara pengendalian
berbasis antibiotik yang bersifat reaktif justru memicu resistensi antimikroba dan
risiko residu produk, sehingga vaksinasi yang didukung bukti bahwa udang mampu
menunjukkan immune priming meski tanpa sistem imun adaptif klasik muncul
sebagai strategi preventif yang menjanjikan, dengan vaksin formalin-killed cell
(FKC) menjadi pilihan realistis untuk aplikasi lapangan meski efektivitasnya secara
oral masih terkendala stabilitas antigen dan sistem delivery yang belum optimal,
sehingga penggunaan adjuvan alami seperti batang pisang (Musa sp.) yang
memiliki kandungan flavonoid, tanin, saponin, polisakarida, dan senyawa fenolik
dikembangkan sebagai imunostimulan sekaligus carrier antigen, dengan
pengaturan interval waktu pemberian adjuvan dan vaksin menjadi aspek krusial
namun belum banyak dieksplorasi, mengingat respons imun innate krustasea sangat
bergantung pada waktu sehingga sinkronisasi temporal yang tepat berpotensi
mengoptimalkan efek immune priming tanpa menimbulkan overactivation yang
merugikan.

Berdasarkan permasalahan tersebut, penelitian ini bertujuan untuk
mengevaluasi pengaruh pemberian adjuvan serbuk batang pisang serta pengaturan
interval waktu sebelum vaksinasi oral terhadap respons imun dan ketahanan udang
vaname terhadap infeksi AHPND. Penelitian ini diharapkan dapat memberikan
dasar ilmiah bagi pengembangan strategi vaksinasi oral yang lebih presisi, tidak
hanya dari sisi formulasi bahan tetapi juga dari sisi kinetika imunologis dan
pengaturan waktu aplikasinya.

Penelitian dilaksanakan menggunakan rancangan acak lengkap (RAL)
dengan delapan perlakuan yang membedakan ada-tidaknya pemberian adjuvan
serbuk batang pisang serta variasi interval waktu pemberian adjuvan sebelum
vaksinasi oral formalin-killed V. parahaemolyticus, meliputi perlakuan pemberian
simultan (AV) serta perlakuan dengan jeda dua, empat, dan enam hari (A2V, A4V,
AG6V), dibandingkan dengan kelompok kontrol. Parameter yang diamati mencakup
kinerja pertumbuhan (bobot akhir, laju pertumbuhan spesifik, dan rasio konversi
pakan), kelimpahan bakteri usus, kolonisasi patogen pada hepatopankreas, respons
imun nonspesifik (total hemocyte count, aktivitas fagositik, respiratory burst, dan
aktivitas phenoloxidase), ekspresi gen imun (Dscam, ProPO, peroxinectin, dan
LvBigPEN), gambaran histopatologi hepatopankreas, uji agar gel precipitation test
(AGPT), serta relative percent survival (RPS) pascauji tantang dengan V.
parahaemolyticus.

Hasil penelitian menunjukkan bahwa pemberian adjuvan serbuk batang
pisang sebelum vaksinasi secara umum meningkatkan respons imun udang dan
menekan kolonisasi patogen pada hepatopankreas dibandingkan perlakuan tanpa



adjuvan maupun pemberian simultan. Perlakuan dengan interval empat hari (A4V)
menunjukkan ekspresi gen imun dan parameter respons imun seluler yang nyata
lebih tinggi dibandingkan seluruh perlakuan lain, mengindikasikan bahwa interval
tersebut menghasilkan sinkronisasi paling efektif antara aktivasi imun oleh adjuvan
dan pengenalan antigen vaksin. Kondisi ini juga diiringi kerusakan histologis
hepatopankreas yang lebih ringan pada A4V dibandingkan perlakuan lain, termasuk
dibandingkan perlakuan pemberian simultan (AV) yang justru menunjukkan tanda-
tanda overstimulasi imun dan kerusakan jaringan sebelum uji tantang dilakukan.
UJi AGPT menunjukkan hasil negatif pada seluruh perlakuan, konsisten dengan
karakteristik sistem imun invertebrata yang tidak menghasilkan antibodi humoral
klasik, sehingga proteksi yang teramati lebih tepat dipahami sebagai hasil
mekanisme immune priming berbasis imun bawaan.

Level proteksi akhir menunjukkan interval empat hari menghasilkan nilai
RPS tertinggi sebesar 72,92+24,88%, meskipun nilai tersebut tidak berbeda nyata
secara statistik dengan perlakuan interval enam hari (A6V), yang turut berhasil
menekan kolonisasi V. parahaemolyticus di hepatopankreas hingga di bawah batas
deteksi. Sebaliknya, pada parameter kinerja pertumbuhan, perlakuan A6V justru
menunjukkan performa yang lebih baik dibandingkan A4V, tercermin dari bobot
akhir, laju pertumbuhan spesifik, dan rasio konversi pakan yang lebih unggul, yang
diduga berkaitan dengan efisiensi alokasi energi metabolik antara investasi respons
Imun dan pertumbuhan somatik. Secara keseluruhan, hasil penelitian ini
menunjukkan bahwa kombinasi adjuvan serbuk batang pisang dan vaksin formalin-
Killed V. parahaemolyticus efektif meningkatkan respons imun dan ketahanan
udang vaname terhadap AHPND, dengan interval empat hari terbukti paling
optimal dalam mengaktivasi respons imun secara menyeluruh, sementara interval
enam hari menawarkan keunggulan pada aspek pertumbuhan tanpa mengorbankan
tingkat proteksi secara signifikan.

Kata kunci: AHPND, batang pisang, imun priming, udang vaname, vaksin oral



SUMMARY

ANNISA WIDYA ANANDA. Analysis of Oral Vaccine Interval and Banana Stem
Powder Adjuvant for Whiteleg Shrimp Resistance to Vibrio parahaemolytucus
Infection. Supervised by SRI NURYATI, DINAMELLA WAHJUNINGRUM and
MUNTI YUHANA.

Acute hepatopancreatic necrosis disease (AHPND) is a bacterial disease
caused by Vibrio parahaemolyticus carrying the PirA and PirB toxins, posing a
serious threat to the sustainability of white shrimp aquaculture due to its induction
of acute hepatopancreatic necrosis and high mortality rates. Meanwhile, antibiotic-
based control, which remains reactive in nature, instead drives antimicrobial
resistance and product residue risks, making vaccination—supported by evidence
that shrimp can exhibit immune priming despite lacking a classical adaptive
immune system—emerge as a promising preventive strategy. Formalin-killed cell
(FKC) vaccines represent the most realistic option for field application, although
their oral efficacy remains constrained by antigen stability and suboptimal delivery
systems. This has led to the development of natural adjuvants such as banana
pseudostem (Musa sp.), which contains flavonoids, tannins, saponins,
polysaccharides, and phenolic compounds, as both an immunostimulant and antigen
carrier. The timing interval between adjuvant and vaccine administration remains a
critical yet underexplored aspect, given that crustacean innate immune responses
are highly time-dependent, such that precise temporal synchronization has the
potential to optimize immune priming effects without triggering detrimental
overactivation.

Based on these issues, this study aimed to evaluate the effect of banana
pseudostem powder adjuvant and the time interval prior to oral vaccination on the
immune response and resistance of whiteleg shrimp against AHPND infection. This
study is expected to provide a scientific basis for developing a more precise oral
vaccination strategy, encompassing not only material formulation but also
immunological kinetics and application timing.

The study employed a completely randomized design (CRD) with eight
treatments differentiated by the presence or absence of banana pseudostem powder
adjuvant and by the interval between adjuvant administration and oral formalin-
killed V. parahaemolyticus vaccination, comprising simultaneous administration
(AV) and administration with two-, four-, and six-day intervals (A2V, A4V, A6V),
compared with a control group. Parameters observed included growth performance
(final weight, specific growth rate, and feed conversion ratio), gut bacterial
abundance, pathogen colonization in the hepatopancreas, non-specific immune
responses (total haemocyte count, phagocytic activity, respiratory burst, and
phenoloxidase activity), immune gene expression (Dscam, ProPO, peroxinectin,
and LvBIgPEN), hepatopancreatic histopathology, an agar gel precipitation test
(AGPT), and relative percent survival (RPS) following a challenge test with V.
parahaemolyticus.

The results showed that adjuvant administration prior to vaccination generally
enhanced the shrimp immune response and suppressed pathogen colonization in the
hepatopancreas compared with treatments without adjuvant or with simultaneous
administration. The four-day interval treatment (A4V) exhibited significantly



higher immune gene expression and cellular immune response parameters than all
other treatments, indicating that this interval produced the most effective
synchronization between adjuvant-induced immune activation and vaccine antigen
recognition. This condition was accompanied by milder hepatopancreatic
histological damage in A4V compared with other treatments, including the
simultaneous administration treatment (AV), which instead showed signs of
fmmune overstimulation and tissue damage prior to the challenge test. The AGPT
yielded negative results across all treatments, consistent with the characteristics of
the invertebrate immune system, which does not produce classical humoral
antibodies, indicating that the observed protection is more appropriately attributed
t0 an innate-immunity-based immune priming mechanism.

The level of ultimate protection showed that the four-day interval produced
the highest RPS value of 72.92+24.88%, although this value was not statistically
different from the six-day interval treatment (A6V), which likewise succeeded in
suppressing V. parahaemolyticus colonization in the hepatopancreas below the
detection limit. Conversely, in terms of growth performance, the A6V treatment
exhibited better performance than A4V, as reflected in superior final weight,
specific growth rate, and feed conversion ratio, which is presumed to be associated
with more efficient metabolic energy allocation between immune response
Investment and somatic growth. Overall, the findings of this study demonstrate that
the combination of banana pseudostem powder adjuvant and formalin-killed V.
parahaemolyticus vaccine effectively enhances the immune response and resistance
of whiteleg shrimp against AHPND, with the four-day interval proving most
optimal in comprehensively activating the immune response, while the six-day
interval offers an advantage in growth performance without significantly
compromising the level of protection.

Keywords: AHPND, banana stem, immune priming, oral vaccine, Pacific white
shrimp
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