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ABSTRACT

	Although gourami fish is a significant economic commodity in Indonesia, slow fish growth and fry mortality rates hinder fingerlings production. Finding the ideal thyroxine hormone dosage to promote gourami fry growth and survival (15 days after hatching) was the goal of this study. Six thyroxine dosage treatments (A: 0.00 mg/L; B: 0.25 mg/L; C: 0.5 mg/L; D: 0.75 mg/L; E: 1.00 mg/L; and F: 1.25 mg/L) and four replications were used in this completely randomized design. The study was conducted at Padjadjaran University's Faculty of Agriculture, Pedca Fisheries Laboratory. The gourami fry's weight, length, and survival over the course of 60 days of maintenance (March–May 2025) are test parameters. The results of the analysis of variance test revealed that immersion gourami fry with thyroxine considerably improved their growth and survival when compared to not immersion them. The Duncan's Multiple Range test showed that a thyroxine hormone dosage of 1.00 mg/L produced an optimal survival rate of 91% and growth body length and weight of 8.04 cm and 9.2 g. 
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1. INTRODUCTION
The demand for 0.5 g gourami fry per fish in several gourami centers on the island of Java, Indonesia (Purwokerto, Parung, Tasikmalaya, Blitar) is quite high, around 100,000 fish per week, but only 50% can be fulfilled [1]. The low survival rate and growth of the larval to fry stage, which ranges from 20-60%, is the cause of low giant gourami fry production [2]. Mortality of gourami fry occurs when they are 12 days old after hatching, which is related to the exhaustion of egg yolk reserves and the incomplete development of digestive organs and continues when the development of additional respiratory organs (labyrinth) begins [3]. If cell growth can be stimulated during the development of the larvae's digestive and respiratory organs, the survival of gourami fry can be improved. The hormone thyroxine (or tetraiodothyronine, T4) in larvae begins to be produced at 7 days after hatching, which plays a crucial role in regulating the growth and development of fish larvae during the development of their organs [4,5,6]. Low levels of thyroxine hormone during larval development lead to a slowdown in the development of important organs (respiratory, nervous and digestive systems) which can increase larval mortality [7]. Administration of T4 hormone through immersion during the development period of gourami larvae is recommended as early as possible to increase the development of important organs and larval survival, considering that the yolk reserves are completely absorbed after 10 days of the larvae hatching [8]. The immersion gourami larvae and fry in a thyroxine hormone solution requires an optimal dosage suitable for larval or fry growth and survival. Excessive doses of T4 accelerate the larvae's metabolism and damage the nervous system, liver, and heart, leading to larval mortality [8,2]. This indication was found in carp larvae immersed in T4 hormone (5 mg/L concentration) which only gave 10% larval survival, but at a dosage of 0.1 mg/L increased larval survival up to 80% [9]. The optimum growth of milkfish larvae when immersed in T4 hormone at a dosage of 0.5 mg/L (500 μg/L) and the optimum growth of tilapia larvae at a dose of 1.0 mg/L [10]. Thus, a research study is needed on the optimum dosage that supports the growth and survival of gourami fish fry to increase gourami fry production in community fingerlings units. 

2. MATERIAL AND METHODS

The research was conducted at the Pedca Fisheries Laboratory, Faculty of Agriculture, Padjadjaran University, for 60 days (March-May 2025) to test the growth and survival of gourami fry. The preparation of thyroxine hormone stock solutions was carried out at the hatchery of the Faculty of Fisheries and Marine Sciences, Padjadjaran University. 

2.1 Implementation for research

The materials used included 750 giant gourami fish (O. goramy) fry aged 15 days after hatching obtained from the Singaparna Fish Fingerlings Center, West Java, Bandung. Ten tablets of the thyroxine hormone stock solution, Eltroxin (L-thyroxine-sodium, T4), with a total active ingredient content of 0.1 mg/tablet, were taken. These tablets were then dissolved in 1 L of water for a treatment dose of 1 mg/L, and five tablets were dissolved in 1 L of water for a dose of 0.5 mg/L, and so on, according to the thyroxine dosage treatment (A: 0.00 mg/L; B: 0.25 mg/L; C: 0.5 mg/L; D: 0.75 mg/L; E: 1.00 mg/L, and F: 1.25 mg/L). The research design used was a completely randomized design  with four replications (n=4). A cylindrical plastic tank for fish fry maintenance with a volume of 20 L was filled with 75% fresh water and 25% sea water and a fish density of 30 fish (3 fish / L). Live feed in the form of Artemia nauplii was given to the fry for 15 days of maintenance and for the next 45 days they were given Prima Feed flour (protein 39%) with a dose of 5% of biomass weight twice a day during the thyroxine treatment test. Water temperature was stabilized using a water heater at 27 ± 1°C, and an aeration system was implemented to supply dissolved oxygen (3-3.5 mg/L). Water changes were performed every 3 days, amounting to 1/3 of the maintenance water volume.

2.2 Measurement of growth and survival

Every three days, the development and survival of gourami fry in the test treatment unit were observed. The body length growth of the fry in the treatment unit was measured by sampling 10 fish every month during the study using calipers (vernier calipers). At the end of the experiment, the number of surviving fish was calculated using the formula:
% survival = number of live larvae / number of larval samples x 100% and growth using the formula: L = Lt – Lo; L = total length increase (cm); Lt = average final total length (cm) and Lo = average initial length of treatment (cm). For weight growth (g) follow the formula Wg = Wt – Wo; Wg = weight gain (g); Wt = average final weight (g) and Wo = average initial weight (g) [11].
 
2.3 Water quality

Measurement of water quality parameters is carried out every 10 days, and used as supporting data in determining the optimal conditions for the maintenance of test fish. Instruments used for measuring water quality parameters were water temperature with a thermometer, dissolved oxygen (DO) with a DO meter, and pH with a pH meter.

2.4 Data Analysis

The data obtained was analyzed by Analysis of Variance (ANOVA) with a confidence level of 95%, and if there is a significant difference, it will be continued with Duncan Multiple Range Test (DMRT).
3. RESULT AND DISCUSSION
3.1 Survival of fry

The average survival rate of gourami fry during 60 days of test treatment showed an increase when the thyroxine dose was gradually increased to 1.00 mg/L (treatment E), but tended to decrease when the dose was more than 1.00 mg/L, such as in treatment F (dose 1.25 mg/L) (Figure 1). Overall, in all treatments, immersion with thyroxine hormone supported the survival of gourami fry (ranging from 50-91%) and was higher than without thyroxine immersion (43.66%). The survival of fry with thyroxine hormone immersed was also higher than the survival of gourami fry in smallholder hatchery businesses, which was 50% [1,12]. The immersion gourami fry before yolk reserves are exhausted (12 days after hatching) increases survival, as shown in thyroxine soaks (0.25 mg/L to 1.00 mg/L, Figure 1) ranging from 50-91%.









Fig. 1. Survival rate of giant goramy with the immersion of different doses of thyroxine during 60 days. Averages followed by different letters indicate significance
 

The effect of increasing survival in gourami fry immersed in T4 hormone was also shown in research on zebrafish larvae immersed in T4 for 42 days of maintenance, ranging from 85.83-87.50% [13]. The T4 dosage of 1.00 mg/L (treatment E) is the optimum dose for the survival of gourami fry (average survival rate of 91%), and tends to decrease the survival of fry when the dose is more than 1.00 mg/L (dose of 1.25 mg/L, treatment F). These results explain that the thyroxine dosage of more than 1.00 mg/L causes negative effects, causing accelerated fry metabolic disorders, leading to liver, kidney and nerve damage causing mortality [9,14], as shown in the decrease in survival rate of treatment F. While the thyroxine dose that is still tolerable for the life of gourami fry ranges from 0.25-0.75 mg/L with a survival rate of 61-79%. The research on immersion milkfish and carp larvae with low dosage of thyroxine (0.1 mg/L and 0.5 mg/L) provides survival of up to 80% when compared to a dosage of 5 mg/l which is only 10% [9,10]. This confirmation shows that the thyroxine dosage of 1.00 mg/L is the optimum dose for the survival of gourami fry.

3.2 Body length growth

The growth of fish larvae and fry requires the presence of the hormone thyroxine, which is responsible for metabolic effects during the development of fish body tissues. High levels of thyroxine are necessary when the fry's body tissues are in the growth stage, and levels begin to decline after tissue growth is complete [15,16]. The correct dosage of thyroxine will provide normal growth and development of the fish fry's body. The total length of gourami fry at a thyroxine dosage of 0.25-0.75 mg/L increased significantly from 2.36 cm to 3.25 cm higher than without hormone immersion, indicating that gourami fry require the presence of thyroxine hormone especially for the growth of additional respiratory organs (labyrinth). The increase in thyroxine requirements begins when the fry are 21 days old after hatching for the development and growth of the labyrinth as a result of modification of the gill filaments of gourami fry [17]. The highest average total length of gourami fry (3,925 cm) was obtained at a thyroxine dose of 1.00 mg/L after the 45th day (one month treatment), while in the two-month treatment (75th day), the average length was 8.04 cm (Figure 2). 






Fig. 2. Body length growth of fry (cm) at different dosage of thyroxine.
Averages followed by different letters indicate significance


Significantly, the growth in body length of gourami fry immersed in thyroxine (dosage of 0.25 mg/L, 0.50 mg/L, 0.75 mg/L, 1.00 mg/L and 1.25 mg/L) was higher than without thyroxine immersion during one month of maintenance, but during two months of maintenance only dosage of 0.50 mg/L, 0.75 mg/L and 1.00 mg/L had a significant effect (Figure 2). Thyroxine hormone affects protein anabolism which then stimulates growth (including length growth) as shown in the soaking treatment using thyroxine hormone on gourami fry [5,18,19].  The results of the study of thyroxine doses in the immersion of milkfish larvae, Chanos chanos, flounder larvae, Paralicthys olivaceus, zebrafish larvae, Brachydanio reiro showed that the best dosage were 0.5 mg/L, 0.1 mg/L and 0.1 mg/L [10,13,20]. The results of the comparison with this study showed that thyroxine doses of 0.25, 0.5, and 0.75 mg/L in gourami fry showed increased growth and a dosage of 1.00 mg/L was the best dosage (optimal), while a dosage of 1.25 mg/L caused a decrease in growth. The results of this study are in line with those obtained in 30-day-old gourami fry immersed in 1.5 mg/L of thyroxine which produced the best growth [21], while in this study the optimum dose for the length growth of 15-day-old gourami fry was 1.00 mg/L. Treatment with thyroxine doseage exceeding 1.00 mg/L causes decreased growth, related to the negative feedback effect of excess thyroxine hormone. This negative feedback action, in response to excess thyroxine hormone, results in a decreased growth response in target tissues. This growth regulation is influenced by thyroxine levels in the body through a feedback mechanism (positive or negative) between the balance of thyroxine and growth hormone levels [22,23]. 

3.2 Weight growth

The average weight gain of gourami fry immersed in thyroxine for one month and two months of maintenance showed an increase at doses of 0.25, 0.5, 0.75, 1.00, and 1.25 mg/L (Figure 3). These results indicate that the thyroxine hormone affects growth by its synergistic action with growth hormone [24]. Thyroid hormones (Triiodothyronine, T3 and Thyroxine, T4) stimulate growth hormone synthesis [25]. The results of this study indicate that growth hormone receptor gene expression is present in the target tissues of the thyroxine hormone. This indication can be seen in each thyroxine dose treatment resulting in increased fry weight compared to without thyroxine. The average weight growth of gourami fry during two months of maintenance (Figure 3) increased successively according to the thyroxine dosage in each treatment by 6.325 g, 7.2 g, 7.8375 g, 9.2 g, 6.1625 g (treatments B, C, D, E and F) compared to without thyroxine (5.4125 g, dosage 0.00 mg/L). When immersed in high concentrations of thyroxine, growth changes are accelerated, while at low concentrations they are slowed. This can be seen in gourami fry immersed in high doses of thyroxine (1.25 mg/L), which showed a decrease in weight (an average of 6.1625 g) as a negative feedback effect. On the other hand, during two months of maintenance, the average weight of gourami fry increased gradually, indicating a positive feedback effect of hormones. A dosage of 1.00 mg/L of thyroxine provided an increase in the weight of gourami fry at one month and two months on average 2 and 1.69 times the growth of fry without thyroxine immersion, indicating the optimum dosage for maximum growth of gourami fry (Figure 2). The results of this study are similar to those studied on tilapia fry’s, that fish growth was effectively immersion in 1 mg/L of thyroxine hormone [3,5].




Fig. 3. Fry weight of giant goramy with the immersion of different dosage of thyroxine during 60 days.
Averages followed by different letters indicate significance. 



3.1 Water quality
Water quality plays an important role in supporting the survival of giant gourami fry. The water quality measured for 60 days in this study was temperature, pH, and dissolved oxygen (DO) levels. The average value of water quality can be seen in Table 1. Water quality parameters were observed every seven days including temperature, DO (Dissolved Oxygen) and pH measurements. The measuring instruments used were thermometer, DO-meter, and pH-meter. Water quality during fry maintenance is still within the tolerance limits of fry life.




Table 1. Water Quality
	Water Quality
	Observation Results

	Temperature (°C)
	28°-30°

	pH
	6,2-7,1

	DO (mg/l)
	3,7-4,4



4. CONCLUSIONS

The optimum immersion dosage of thyroxine hormone for the highest survival, length and weight growth (91%, 8.04 cm and 9.2 g) of gourami fry was 1.00 mg/L for two months of maintenance.

DISCLAIMER (ARTIFICIAL INTELLIGENCE).
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of manuscripts.

[bookmark: _GoBack]
REFERENCES

1. Setiadi, A., Nainggolan, A., & Ediyanto. (2016). Peningkatan Kualitas Pertumbuhan dan Kelangsungan Hidup Benih Gurami (Osphronemus goramy) Melalui Perendaman Tiroksin (T4). Jurnal Ilmiah Satya Minabahari, 2(1), 1-10. https://doi.org/10.53676/jism.v2i1.16
2. Hardaningsih, I., Aulia, R., Arysandi, S., Hidayati, R., Bimasuci, H., Murwantoko, & Sari, D. W. K. (2025). Genetic Variation of Giant Gourami (Osphronemus goramy Lacepède 1801) in Indonesia: Insights from Morphometric and Mitochondrial DNA COI Analysis. Genetics of Aquatic Organisms, 9(1). https://doi.org/10.4194/GA887
3. Brown, C. L., Urbinati, E. C., Zhang, W., Brown, S. B., & McComb-Kobza, M. (2014). Maternal thyroid and glucocorticoid hormone interactions in larval fish development, and their applications in aquaculture. Reviews in Fisheries Science & Aquaculture, 22(3), 207-220. https://doi.org/10.1080/23308249.2014.918086
4. Brown, C. L., Doroshov, S. I., Nunez, J. M., Hadley, C., Vaneenennaam, J., Nishioka, R. S., & Bern, H. A. (1988). Maternal triiodothyronine injections cause increases in swimbladder inflation and survival rates in larval striped bass, Morone saxatilis. Journal of Experimental Zoology, 248(2), 168–176. https://doi.org/10.1002/jez.1402480207
5. Reddy, P. K., & Lam, T. J. (1992). Role of thyroid hormones in tilapia larvae (Oreochromis mossambicus): I. Effects of the hormones and an antithyroid drug on yolk absorption, growth and development. Fish Physiology and Biochemistry, 9, 473–485. https://doi.org/10.1007/BF02274228
6. Deal, C. K., & Volkoff, H. (2020). The role of the thyroid axis in fish. Frontiers in Endocrinology, 11, 596585. https://doi.org/10.3389/fendo.2020.596585
7. Eales, J. G. (1985). The peripheral metabolism of thyroid hormones and regulation of thyroidal status in poikilotherms. Canadian Journal of Zoology, 63(6), 1217–1231. https://doi.org/10.1139/z85-183
8. Nacario, J. F. (1983). The effect of thyroxine on the larvae and fry of Sarotherodon niloticus L. (Tilapia nilotica). Aquaculture, 34(1-2), 73-83. https://doi.org/10.1016/0044-8486(83)90292-2
9. Lam, T. J., & Sharma, R. (1985). Effects of salinity and thyroxine on larval survival, growth and development in the carp, Cyprinus carpio. *Aquaculture*, *44*(3), 201–212. https://doi.org/10.1016/0044-8486(85)90244-3
10. Lam, T. J., Juario, J. V., & Banno, J. E. (1985). Effect of thyroxine on growth and development in post-yolk-sac larvae of milkfish, Chanos chanos. Aquaculture, 46(3), 179-184. https://doi.org/10.1016/0044-8486(85)90203-0
11. Vu, N. U., & Huynh, T. G. (2020). Optimized live feed regime significantly improves growth performance and survival rate for early life history stages of pangasius catfish (Pangasianodon hypophthalmus). Fishes, 5(3), 20. https://doi.org/10.3390/fishes5030020
12. Amornsakun, T., Kullai, S., & Hassan, A. (2014). Some aspects in early life stage of giant gourami, Osphronemus goramy (Lacepede) larvae. Songklanakarin Journal of Science & Technology, 36(5), 493-498. https://sjst.psu.ac.th/
13. Heraedi, A., Prayitno, S. B., & Yuniarti, T. (2018). The Effect of different thyroxine hormone (T4) concentration on the growth, survival, and pigment development of pink zebra fish larvae (Brachydanio reiro). Omni-akuatika, 14(2), 21-28. https://omniakuatika.net/index.php/oa/article/view/109
14. Galton, V. A. (1986). Thyroxine and 3,5,3'-triiodothyronine bind to the same putative receptor in hepatic nuclei of Rana catesbeiana tadpoles. Endocrinology, 118(3), 1114-1118. https://doi.org/10.1210/endo-118-3-1114.
15. Greenblatt, M., Brown, C. L., Lee, M., Dauder, S., & Bern, H. A. (1989). Changes in thyroid hormone levels in eggs and larvae and in iodide uptake by eggs of coho and chinook salmon, Oncorhynchus kisutsch and O. tschawytscha. Fish Physiology and Biochemistry, 6(5), 261-278. https://doi.org/10.1007/BF01881680
16. Brown, C. L., Doroshov, S. I., Cochran, M. D., & Bern, H. A. (1989). Enhanced survival in striped bass fingerlings after maternal triiodothyronine treatment. Fish Physiology and Biochemistry, 7, 295–299. https://doi.org/10.1007/BF00004720
17. Setyowati, D. N., Hardaningsih, I., & Priyono, S. B. 2007. Sintasan dan Pertumbuhan Benih Pasca Larva Beberapa Subspesies Gurami (Osphronemus goramy). Jurnal Perikanan Universitas Gadjah Mada, 9(1), 149-153.
18. Reddy, P. K., Brown, C. L., Leatherland, J. F., & Lam, T. J. (1992). Role of thyroid hormones in tilapia larvae (Oreochromis mossambicus): II. Changes in the hormones and 5′-monodeiodinase activity during development. Fish Physiology and Biochemistry, 9(5), 487-496. https://doi.org/10.1007/BF02274229
19. Power, D. M., Llewellyn, L., Faustino, M., Nowell, M. A., Björnsson, B. T., Einarsdottir, I. E., Canario, A. V., & Sweeney, G. E. (2001). Thyroid hormones in growth and development of fish. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, 130(4), 447-459. https://doi.org/10.1016/S1532-0456(01)00271-X
20. Inui, Y., & Miwa, S. (1985). Thyroid hormone induces metamorphosis of flounder larvae. General and Comparative Endocrinology, 60(3), 450-454. https://doi.org/10.1016/0016-6480(85)90080-2
21. Kurniawan, O., Johan, T. I., & Setiaji, J. (2014). Pengaruh Pemberian Hormon Tiroksin (T4) Dengan Perendaman Terhadap Pertumbuhan dan Tingkat Kelulushidupan Benih Ikan Gurami (Osphronemus gouramy Lac). Dinamika Pertanian, 29(1), 107-112. https://journal.uir.ac.id/index.php/dinamikapertanian/article/view/865
22. Wallace, H., Pate, A., & Bishop, J. O. (1995). Effects of perinatal thyroid hormone deprivation on the growth and behaviour of newborn mice. Journal of Endocrinology, 145(2), 251-262. https://doi.org/10.1677/joe.0.1450251
23. Hull, K. L., Janssens, W. C. J., Baumbach, W. R., & Harvey, S. (1995). Thyroid glands: novel sites of growth hormone action. Journal of Endocrinology, 146(3), 449-458. https://doi.org/10.1677/joe.0.1460449
24. Brown, C. L., Sullivan, C. V., Bern, H. A., & Dickhoff, W. W. (1987). Occurrence of thyroid hormones in early developmental stages of teleost fish. In R.D. Hoyt (Ed.), 10th Annual Larval Fish Conference. Symposium 2 (pp. 144-150). American Fisheries Society. https://afs-earlylifehistory.fisheries.org/past-conferences-and-resulting-publications/
25. Alinezhad, S., Abdollahpour, H., Jafari, N., & Falahatkar, B. (2020). Effects of thyroxine immersion on Sterlet sturgeon (Acipenser ruthenus) embryos and larvae: variations in thyroid hormone levels during development. Aquaculture, 519, 734-745. https://doi.org/10.1016/j.aquaculture.2020.734745





image1.emf
TREATMENT

S

u

r

v

i

v

a

l

 

R

a

t

e

 

(

%

)

A

 

(

T

4

:

 

0

.

0

0

 

m

g

/

L

)

B

 

(

T

4

:

 

0

.

2

5

 

m

g

/

L

)

C

 

(

T

4

:

 

0

.

5

0

 

m

g

/

L

)

D

 

(

T

4

:

 

0

.

7

5

 

m

g

/

L

)

E

 

(

T

4

:

 

1

.

0

0

 

m

g

/

L

)

F

 

(

T

4

:

 

1

.

2

5

 

m

g

/

L

)

0

20

40

60

80

100

A (T4: 0.00 mg/L)

B (T4: 0.25 mg/L)

C (T4: 0.50 mg/L)

D (T4: 0.75 mg/L)

E (T4: 1.00 mg/L)

F (T4: 1.25 mg/L)

a

b

c

d

e

f

n = 4



image2.emf
TREATMENT

T

o

t

a

l

 

L

e

n

g

t

h

 

(

c

m

)

1

-

m

o

n

t

h

2

-

m

o

n

t

h

s

0

2

4

6

8

10

A (T4: 0.00 mg/L)

B (T4: 0.25 mg/L)

C (T4: 0.50 mg/L)

D (T4: 0.75 mg/L)

E (T4: 1.00 mg/L)

F (T4: 1.25 mg/L)

a

b

c

d

e

bf

a

a

b

c

d

a

n = 4



image3.emf
TREATMENT

F

r

y

 

w

e

i

g

h

t

 

(

g

)

1

-

m

o

n

t

h

2

-

m

o

n

t

h

s

0

5

10

15

A (T4: 0.00 mg/L)

B (T4: 0.25 mg/L)

C (T4: 0.50 mg/L)

D (T4: 0.75 mg/L)

E (T4: 1.00 mg/L)

F (T4: 1.25 mg/L)

a

a

b

b

c

a

a

a

ab

a

b

a

n = 4



