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Abstract

900 one-gram shrimp were raised in six treatments with three replicates each. At the end of the 6th period,
treatments C2, T2, and T4 were exposed to Vibrio parahaemolyticus, and the experiment continued until the 9th
period. We also tested the sensory quality of shrimp from treatments C1, T1, and T3 on days 0, 5, and 10 at 4°C
using ten evaluators. The results showed that treatment T1 performed best for most indices, followed by T3, T2,
T4, C1, and C2. Most parameters showed significant differences between treatments, except for body weight gain
percentage and specific growth rate. Overall, probiotics—especially Bio Aqua—significantly improved growth
and survival. Sensory tests showed "excellent" scores on day 0. On day 5, most attributes stayed "excellent,"
except for the eyes. By day 10, color, texture, and shell quality were "good" (except color in C1 and T3), but odor
and the condition of the head and tail were "unacceptable" for all groups. While sensory scores changed
significantly over time within each treatment, there was no significant difference between treatments C1, T1, and
T3. In conclusion, probiotics in terms of sensory indicators did not affect the spoilage rate during refrigerated
storage.
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Determination of Ochratoxin A, Glycyrrhizic Acid, Total Sugar, and Extract Content
in Licorice Root Using High-Performance Liquid Chromatography

EXTENDED ABSTRACT

Introduction: Disease outbreaks, particularly Acute Hepatopancreatic Necrosis Disease (AHPND) caused by
Vibrio parahaemolyticus, have caused an estimated 43 billion dollars in losses to the global shrimp farming
industry. The use of antibiotics has been associated with gut microbiota disruption and the development of
antibiotic resistance, necessitating alternative strategies. Probiotics, especially multi-strain formulations
containing Bacillus species, have shown promise in enhancing growth performance, immune responses, and
survival in shrimp. This study investigated the effects of two commercial multi-strain probiotic supplements
BioAqua Pond V (containing four bacterial species and one alga) and Proxin (containing four bacterial species)
on growth parameters, survival rate, resistance to V. parahaemolyticus challenge, and post-harvest sensory quality
of Litopenaeus vannamei.

Materials and Methods: Nine hundred juvenile L. vannamei with an average weight of approximately 1 gram
were obtained from the Bandar Shahid Kolahi Minab center in Hormozgan Province and randomly distributed
into 18 fiberglass tanks (50 L water volume, 50 shrimp per tank) across six treatments with three replicates each.
After a one-week antibiotic treatment with oxytetracycline to eliminate bacterial contamination, shrimp were fed
commercial feed supplemented with probiotics. Treatments T1 and T2 received BioAqua Pond (four bacteria plus
one alga), T3 and T4 received Proxin (four bacteria), while C1 and C2 served as controls without probiotics.
Water quality parameters including temperature (28—32°C), salinity (28—32 ppt), pH (7.7-8.5), dissolved oxygen
(>5 mg/L), and ammonia nitrogen (<0.2 mg/L) were maintained throughout the 90-day rearing period. On day 60,
treatments T2, T4, and C2 were challenged with AHPND-infected shrimp tissue to induce V. parahaemolyticus
infection. Growth indices including Body Weight Increase (BWI), Percentage of Body Weight Increase (PBW1%),
Specific Growth Rate (SGR), Growth Rate (GR), Feed Conversion Ratio (FCR), and Survival Rate (SR) were
recorded every 10 days. For sensory evaluation, 10 shrimp from non-challenged treatments (T1, T3, C1) were
stored at 4°C and assessed on days 0, 5, and 10 by ten trained panelists using a 1-10 scoring system. Data were
analyzed using one-way ANOVA and Duncan's test at a 95% confidence level in SPSS version 25.

Results and Discussion: The results showed that probiotic supplementation significantly improved growth
parameters and survival compared to controls. Treatment T1 (BioAqua Pond without challenge) consistently
exhibited the highest values for Body Weight Increase (BWI), Percentage of Body Weight Increase (PBWI1%),
Growth Rate (GR), total weight, and the best Feed Conversion Ratio (FCR). Treatment T3 (Proxin without
challenge) showed the second-best performance, followed by challenged probiotic groups (T2 and T4) and
controls (C1 and C2). Survival rate was significantly higher in all probiotic treatments, with T1 showing the
highest survival and C2 (challenged control) the lowest. Specific Growth Rate (SGR) was numerically higher in
probiotic treatments but did not reach statistical significance. Feed consumption was higher in probiotic
treatments, likely due to reduced mortality and increased biomass. The superior performance of BioAqua Pond
over Proxin can be attributed to its algal component, which provides essential amino acids, vitamins, and trace
minerals that enhance nutrient absorption and immune function. These findings align with previous studies by
Akbary et al. (2023) and Zhang et al. (2023), who reported that algal extracts improve growth and survival in
shrimp. The improved FCR in probiotic treatments can be explained by the production of extracellular enzymes
(proteases, amylases) by probiotic bacteria, which enhance feed digestibility and nutrient utilization, as described
by Irianto and Austin (2002). Multi-strain probiotics offer synergistic benefits through complementary enzyme
activities and broader pathogen inhibition. Sensory evaluation revealed no significant differences between
treatments at any time point. On day 0, all treatments scored excellent (8-10) for all parameters. On day 5, most
parameters remained excellent except eye condition. On day 10, color, flesh firmness, and shell condition declined
to good (6-8), while odor and cephalothorax/tail condition became unacceptable (<4). This indicates that probiotic
supplementation during rearing does not affect post-harvest spoilage, as general biochemical processes of lipid
and protein oxidation dominate regardless of initial nutritional status. This finding is consistent with Pellegrini et
al. (2025), who reported that probiotics cannot significantly reduce the rate of microbial and chemical spoilage
after harvest. Studies by Pabast et al. (2018) and Maghami et al. (2019) suggest that coating with chitosan or algal
extracts may be more effective for extending shelf life.

Conclusion: This study evaluated the effects of two commercial multi-strain probiotic supplements, BioAqua
Pond V (four bacteria plus one alga) and Proxin (four bacteria), on growth performance, survival, and post-harvest
sensory quality of L. vannamei under normal conditions and challenge with V. parahaemolyticus. the probiotic
supplement BioAqua Pond V, followed by Proxin, significantly improved growth indices, feed conversion
efficiency, and survival rate of L. vannamei, and enhanced resistance to AHPND compared to control groups.
However, neither probiotic could protect against post-harvest spoilage at refrigerator temperature. Based on these
findings, the use of BioAqua Pond V is recommended for shrimp farmers to improve production performance and

disease resistance, while post-harvest preservation requires additional strategies such as edible coatings.
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