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INTRODUCTION  

The Pacific white shrimp (Litopenaeus vannamei) is a commodity in great demand 

in the community. Pacific white shrimp (L. vannamei) has many advantages for shrimp 
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The Pacific white shrimp (Litopenaeus vannamei) is in high demand within the 

community. Feed is a crucial component of the shrimp production process, 

accounting for 60-70% of the total production cost. The rising demand and high 

prices of raw materials for shrimp feed necessitate affordable alternative materials 

that are available in large quantities and have good nutritional profiles. Distiller's 

dried grain with solubles (DDGS) is a by-product rich in nutrients, containing 

32% protein, 10% fat, and 11% crude fiber, making it a suitable alternative raw 

material for the Pacific white shrimp feed. This study aimed to evaluate the effect 

of DDGS in artificial feed on the growth of L. vannamei and to identify the 

optimal dosage of DDGS for this purpose. Four treatments were conducted: 0, 5, 

10, and 15% DDGS per kilogram of feed. The test subjects were the Pacific white 

shrimp with an average weight of 1.06 ± 0.005 grams. The shrimp were reared in 

floating nets (3x2x1 m³) placed in a tub (25x10 m²) with a water depth of 9cm, at 

a stocking density of 720 shrimp per net for 80 days. The results indicated that the 

inclusion of DDGS significantly affected (P<0.05) total feed consumption (TFC), 

feed conversion ratio (FCR), feed utilization efficiency (EFU), absolute length 

growth (LG), absolute weight growth (WG), specific growth rate (SGR), protein 

retention (PR), and survival rate (SR). The optimum dosage of DDGS was found 

to be between 13.62 and 19.46% of the feed weight, which produced a TFC of 

13.850 g, FCR of 1.48, EFU of 68.27%, absolute length of 8.388cm, SGR of 

3.408% per day, PR of 72.15%, and SR of 87.095%. The optimum dosage for 

absolute weight gain was determined to be 3.78%, resulting in an absolute weight 

of 12.215g. 
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farming activities in ponds, including relatively fast growth, utilizing space more 

efficiently, and being more tolerant to environmental changes (Purnamasari et al., 

2017). It is currently a leading commodity in aquaculture, which can be seen from the 

increase in its production. According to KKP (2020), the Pacific white shrimp production 

in the 2019 period reached 517,397 tons and is targeted to increase by 250% in 2024 to 

1,290,000 tons with a production value of 36.22 trillion in 2019 to 90.30 trillion in 2024. 

The increase in this production is an effort to fulfill the increasing demand in the market, 

especially in the export sector. According to Darwantin et al. (2016), Indonesia exported 

125,598 tons of the Pacific white shrimp in 2007. This number is quite large, reaching 

approximately 10% of the total production in Indonesia. 

Feed is essential in the ongoing cultivation process and absorbs the highest costs. 

Almost half of the operational costs of the Pacific white shrimp cultivation process is 

needed to meet the needs or purchase of shrimp feed. This is reinforced by Ulumiah et 

al. (2020), who stated that feed is an important factor in the Pacific white shrimp 

cultivation because feed absorbs 60-70% of the total operational costs of aquaculture 

activities. The primary raw material fish meal causes the high price of the commercial 

Pacific white shrimp feed. The high use of fish meal results in high market demand, and 

the price of raw materials is also high. The Pacific white shrimp feed generally contains 

fish meal because of its nutritional content and good palatability (Qiu et al., 2017; 

Anwar et al., 2024). According to Sudrajat and Effendi (2002), the nutritional content 

of fish meals includes 5.32% water, 57.35% protein, 4.32% BETN, 6.88% fat, 1.45% 

crude fiber, and ash 24.69%. 

Minimizing the use of fish meals in shrimp feed can be done by adding raw 

materials from high-vegetable protein sources that can support the nutritional needs of 

shrimp. Vegetable protein can be used as a substitute or companion for fish meal as a raw 

material for shrimp feed. The popular vegetable protein used in shrimp feed is soybean 

meal flour. However, the popularity of using soybean meal flour in shrimp feed has 

resulted in an increase in demand and high prices of soybean meal flour due to 

competition from the poultry and livestock industrial sectors, which also utilize soybean 

meal flour in their feed (Fessenden et al., 2020). According to Wawoh et al. (2019), the 

price of the Pacific white shrimp feed has now reached almost Rp20,000/kg. This high 

feed price is influenced by the scarcity of the main ingredients, fish meal and soybean 

meal, due to high demand. To overcome this, innovations need to obtain raw materials for 

shrimp feed that are relatively cheap and with good nutritional content. Corn waste by-

products of bioethanol production in America and Europe are abundant and underutilized. 

Waste flour for bioethanol production, or what is known as distiller's dried grain with 

soluble (DDGS), has good nutritional content. According to Oliveira et al. (2020), the 

nutritional content in the DDGS is about 28-32% crude protein, 10% fat, and 11% fiber. 

The production of waste flour from bioethanol production is increasing, resulting in the 
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price of corn waste being much cheaper than that of soybean meal flour (Rhodes et al., 

2015). 

The nutritional content and relatively low price have resulted in the distiller's 

dried grain with soluble being used as raw material for livestock, poultry, and several 

types of fish (Indarto et al., 2011). DDGS has been widely studied and has given 

positive results. According to Suprayudi et al. (2013), DDGS can be given to tilapia as 

much as 20% of the feed. This utilization as fish feed has previously been investigated by 

Sandor et al. (2021), who obtained the results that the Wels catfish fed with an additional 

flour from DDGS had a reasonable growth rate seen from the FCR value of 1.29-1.36g/ 

g, SGR of 1.43 – 1.5g/ day, PER of 1.78 – 1.94%, and 27.7 – 30.2%. There was no fish 

mortality during the study. Diogenes et al. (2018) reported that the turbot fish fed an 

additional 10% of their diet with DDGS experienced a significant increase in biomass. 

The growth rate was considered reasonable, as indicated by a protein efficiency ratio 

(PER) of 1.9%, a feed utilization efficiency (EFU) of 1.0%, and a mortality rate of 0%. 

Chatvijitkul et al. (2016) reported that the addition of DDGS to tilapia feed has 

effectively supported fish growth, as evidenced by results showing a feed conversion 

ratio (FCR) of 0.91 to 1.02, an average biomass increases of 1.118 to 1.157 grams, and a 

survival rate of 98 to 100%. Similarly, Herawati et al. (2024) found that adding 10-15% 

DDGS to the feed enhanced the specific growth rate, absolute length growth, and total 

hemocyte count in L. vannamei shrimp. 

 

MATERIALS AND METHODS  

 

The test subjects were the Pacific white shrimp, each weighing 1.06 ± 0.005 grams. The 

shrimp were healthy, actively swimming, and showed no injuries. They were reared in 

floating net cages (3 x 2 x 1m³) at a density of 720 shrimp per net. The feed was 

supplemented with distiller's dried grain with soluble (DDGS) and was available in 2 and 

3mm pellet sizes. Feeding occurred four times a day—at 7 AM, 11 AM, 3 PM, and 9 

PM—according to a pre-designed feeding program. The maintenance medium used was 

seawater with a salinity of 30-34ppt, which is suitable for Pacific white shrimp, as 

recommended by SNI (2014). 

The research was conducted at the Marine Science Techno Park (MSTP) in Jepara. The 

experimental design was completely randomized (CRD) with four treatments and three 

replications. The treatments were as follows: 

• A: 0% DDGS added to the feed formulation 

• B: 5% DDGS added to the feed formulation 

• C: 10% DDGS added to the feed formulation 

• D: 15% DDGS added to the feed formulation 
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The additional doses of DDGS were based on the research conducted by Novriadi et al. 

(2022). The feed used in this study consisted of artificial feed, with the formulation 

detailed in Table (1). 

 

Table 1. Arrangement of feed formulations 

Ingredient (%) 
Treatment 

A  B  C  D  

Soybean meal 25.0 22.5 20.0 17.5 

Poultry by product 

meal 

20.3 20.3 20.3 20.3 

Fish meal 8.0 8.0 8.0 8.0 

DDGS 0.0 5.0 10.0 15.0 

Tuna hydrolysate 2.0 2.0 2.0 2.0 

Squid liver powder 6.0 6.0 6.0 6.0 

Wheat flour 31.9 29.3 26.8 24.2 

Soya lecithin 1.5 1.5 1.5 1.5 

Fish oil 1.0 1.0 1.0 1.0 

Monocalcium 

phosphate 

1.8 1.8 1.8 1.8 

L-lysine 0.00 0.04 0.09 0.14 

DL-methionine 0.19 0.18 0.17 0.17 

L-threonine 0.08 0.08 0.08 0.09 

Mineral premix 1.20 1.20 1.20 1.20 

Vitamin premix 0.41 0.41 0.41 0.41 

Magnesium sulphate 0.35 0.35 0.35 0.35 

Choline chloride 0.20 0.20 0.20 0.20 

Antimold 0.12 0.12 0.12 0.12 

Protein* 38.96 38.64 38.61 38.60 

Fat* 6.96 6.71 7.02 7.14 

NFE* 30.69 32.03 34.10 34.73 

Moisture 11.24 10.96 8.00 6.48 

Crude fiber 1.54 1.52 1.44 2.67 

Ash 10.61 10.14 10.83 10.38 

Note: *Saraswanti Indo Genetech Laboratory, Bogor, West Java, Indonesia (2022). 
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The data observed in this study included total feed consumption (TFC), feed 

conversion ratio (FCR), efficiency of feed utilization (EFU), absolute length growth 

(LG), absolute weight growth (WG), specific growth rate (SGR), protein retention (PR) 

and survival rate (SR) that were calculated based on the following formulas, as detailed in 

the study of Zooneveld et al. (1991): 

  

TFC (g) = 1st day of feed (g) + 2nd day of feed (g) + .. + nth day of feed (g) … (1) 

 

F.C.R. =  … (2) 

 

EFU (%) =   100  … (3) 

 

L.G. (cm) = Final body length (cm) - Initial body length (cm) … (4) 

 

W.G. (g) = Final body weight (g) - Initial body weight (g) … (5) 

 

S.G.R. (% per day) =   100 … (6) 

 

P.R. =  100  … (7) 

 

S.R. = 100%   … (8) 

 

Water quality 

The water quality parameters observed in this study include temperature, pH, 

salinity, dissolved oxygen (DO), and total ammonia (TAN). Water quality measurements 

for temperature, salinity, pH and dissolved oxygen were carried out 2 times a day, 

morning at 8 am and in the afternoon at 4 pm, while the total ammonia was tested at the 

beginning and end of the study. 

RESULTS  

 

Total feed consumption (TFC) 

The study's results on the effect of adding DDGS to feed on the growth of white 

shrimp (L. vannamei) by total feed consumption are presented in Fig. (1). 
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Fig. 1. Total feed consumption of white shrimp (L. vannamei) 

 

Based on data in Fig. (1), the highest total feed consumption in treatment C was 

13,910 grams, and the smallest in treatment A was 13,677 grams, with a difference of 233 

grams. 

 

Feed conversion ratio (FCR) 

The results of the study on the effect of adding DDGS to feed on the growth of 

white shrimp (L. vannamei) by feed conversion ratio are presented in Fig. (2). 

 
Fig. 2. Feed conversion ratio of white shrimp (L. vannamei) 

 

Based on the figure above, the best feed conversion ratio was 1.46 (treatment D), 

while the worst in treatment A was 2.04, with a difference of 0.58. 

 

 

Efficiency of feed utilization (EFU) 

The results of the study on the effect of adding DDGS in feed on the growth of 

white shrimp (L. vannamei) by efficiency of feed utilization are presented in Fig. (3). 
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Fig. 3. Efficiency of feed utilization of the white shrimp (L. vannamei) 

 

Based on information presented in Fig. (3), the highest efficiency of feed 

utilization value in treatment D was 67.85%, whereas the lowest in treatment A was 

48.20%, with a difference of 19.65%. 

 

Absolute length growth (LG) 

The results of the study on the effect of adding DDGS to the feed on the growth of 

white shrimp (L. vannamei) by absolute length growth are presented in Fig. (4). 

 
Fig. 4. Absolute length growth  of white shrimp (L. vannamei) 

 

Fig. (4) reveals that, the highest absolute length growth value was 8.34cm 

(treatment D), however the lowest was 6.92cm (treatment A), with a difference of 

1.42cm. 

 

Absolute weight growth (WG) 

The results of the study on the effect of adding DDGS to the feed  of the white 

shrimp (L. vannamei) on its growth through absolute weight growth are presented in Fig. 

(5). 
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Fig. 5. Absolute weight growth of the white shrimp (L. vannamei) 

 

Based on the figure above, the highest absolute weight growth value was 15.19 

grams (treatment D), conversely the lowest was 11.05 grams (treatment A), with a 

difference of 4.14 grams. 

 

Specific growth rate (SGR) 

The results of the study on the effect of adding DDGS in feed on the growth of 

white shrimp (L. vannamei) by specific growth rate are presented in Fig. (6). 

 
Fig. 6. The specific growth rate of the white shrimp (L. vannamei) 

 

Based on the figure above, the highest specific growth rate in treatment D was 

3.41%/day, on the other hand the smallest in treatment A was 3.05%/day, with a 

difference of 0.36%/day. 

 

Protein retention (PR) 

The results of the study on the effect of adding DDGS in feed on the growth of 

white shrimp (L. vannamei) by protein retention are presented in Fig. (7). 
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Fig. 7. Protein retention of the white shrimp (L. vannamei) 

 

Based on the figure above, the highest protein retention value was 72.15% (D), 

while the lowest was 62.94% (A). 

 

Survival rate (SR) 

The results of the study on the effect of adding DDGS in feed on the growth of 

white shrimp (L. vannamei) by survival rate are presented in Fig. (8). 

 
Fig. 8. Survival rate of the white shrimp (L. vannamei) 

 

Based on the figure above, the highest survival rate in treatment D was 86.67%, 

and the lowest was 84.40% (A). The results of the analysis of variance of data on total 

feed consumption (TFC), feed conversion ratio (FCR), efficiency of feed utilization 

(EFU), absolute length growth, absolute weight growth, specific growth rate (SGR), 

protein retention (PR) and survival rate (SR) showed that the use of DDGS in artificial 

feed had a significant effect on the parameters’ values (P<0.05). 
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Water quality 

The results of measurements of several water quality parameters, including 

salinity, temperature, pH, DO, and total ammonia during the study are presented in Table 

(2). 

Table 2. Results of water quality measurement in the Pacific white shrimp (L. 

vannamei) rearing media during the study 

No Variable Unit 
Result 

Morning Evening 

1 Salinity ppt 33-35 32-35 

2 Temperature 0C 28.00-29.80 28.00-33.50 

3 pH - 7.50-8.32 7.42-8.43 

4 DO mg/L 5.30-6.80 4.89-6.98 

5 TAN mg/L 0.000-0.706 

 

The water quality results show that the water quality during maintenance was 

optimal for cultivation activities and could support the growth of L. vannamei shrimp. 

 

 

DISCUSSION 

 

Growth performance 

The results of the analysis of variance showed that the use of DDGS in the 

artificial feed had a significant effect (P<0.05) on the total consumption, feed conversion 

ratio, efficiency feed utilization, length growth, weight growth, specific growth rate, 

protein retention, and survival rate of the Pacific white shrimp. The highest total feed 

consumption value was in treatment C with 13.910±65.57%, the value of the feed 

conversion ratio from the lowest to the largest in a row, namely in treatment D, recording 

1.46±009, the highest feed utilization efficiency value was in treatment D, with 

67.85±4.42%, the highest absolute length growth value was in treatment D, assessing a 

value of 8.34±0.28cm, the highest absolute weight growth value was in treatment D with 

15.19±0.87g, the highest specific growth rate value was in treatment D of 

3.41±0.07%/day, the highest protein retention value in this study was in treatment D at 

72.15%, and the survival rate in this study was in treatment D recording 86.67±0.50%. 

Using different DDGS in the feed causes the total consumption produced to be 

different. Differences in the size and growth rate of the Pacific white shrimp caused the 

difference in total feed consumption between treatments. Large shrimp will consume 

more feed than small shrimp. This is reinforced by Rolin et al. (2015), who postulated 

that the response of shrimp to feed can cause a difference in feed consumption between 

treatments. There are differences in shrimp's size and growth rate, thus more considerable 

shrimp need and consume more feed than smaller shrimp. The total consumption of 
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different feeds can be influenced by palatability, nutritional content, temperature, age or 

stadia, weight, and stomach capacity.  

Palatability is related to attractiveness, which will affect the response of shrimp in 

searching for feed, taking feed, and swallowing or accepting the feed given. High 

palatability in a feed will cause the feed to be favored by shrimp, hence the total feed 

consumption obtained will also be high. Pamungkas (2013) stated that the factors 

influencing feed consumption include nutrient content, palatability, temperature, age, 

body weight, and stomach capacity. This is also reinforced by Afriyanti et al. (2020), 

who stated that the quality of feed, which includes palatability, deliciousness, and 

nutritional content, can affect high feed consumption levels. DDGS added to the feed 

resulted in the feed containing several amino acids, including glycine and alanine, which 

could affect the palatability and the amount of feed consumed. According to Suprayudi 

et al. (2013), the palatability of feed is closely related to the attractiveness provided by 

free amino acids (glycine, alanine, and betaine), which will then affect the response in 

foraging, taking, and swallowing (acceptability). 

The results showed that using DDGS in artificial feed with a dose of 15% got the 

lowest FCR value of 1.46. The FCR obtained from the study ranged from 1.46-2.04, 

which is higher than the study of Gyan et al. (2021), which showed that shrimp with 

DDGS in their feed formulation obtained FCR in the range of 1.6-2.3. The value of a 

good feed conversion ratio (FCR) is seen from its small value. The feed conversion ratio's 

size will affect the resulting feed's utilization. The feed conversion ratio's value is related 

to the efficiency of feed utilization. The better the feed efficiency that shrimp can utilize, 

the better the feed conversion ratio value produced, while the worse the feed utilization 

will lead to a higher feed conversion ratio value. This is reinforced by Sari et al. (2013), 

who stated that the lower feed conversion value has a better feed utilization efficiency 

level and vice versa; if the feed conversion is large, the feed utilization efficiency level is 

not good. 

The conversion ratio value obtained during the research period can still be said to 

be suitable for mass-scale Pacific white shrimp culture in ponds. The best feed 

conversion ratio value obtained in the study was 1.46, which means that to produce 1kg 

of the Pacific white shrimp meat, 1.46kg of feed is needed. This is supported by Ariadi et 

al. (2020), who reported that a feed conversion ratio (FCR) of 1.31 in shrimp farming 

indicates that 1.31kg of feed is required to produce 1kg of shrimp biomass. Similarly, 

Witoko et al. (2018) noted that the FCR for the Pacific white shrimp cultured in ponds 

typically ranges from 1.3 to 1.7. 

The addition of DDGS ingredients in shrimp feed formulations can reduce the 

conversion value of the resulting feed because of its balanced nutritional and amino acid 

composition. This was confirmed by Gyan et al. (2021), who stated that the white shrimp 

fed DDGS feed obtained an excellent feed conversion value since DDGS feed had a 

balanced composition of nutrients and amino acids (AA) in the shrimp feed given. 
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Feeds with a high feed utilization efficiency value show better feed content. Good 

feed content can be utilized efficiently and is helpful for shrimp activity and growth. This 

is reinforced by Iskandar et al. (2015), who stated that whether the quality of a feed is 

good or not can be seen from the feed conversion value and feed efficiency value, where 

the more significant the feed efficiency value, the more efficient the fish in utilizing the 

feed consumed for growth. Based on the results obtained, DDGS can increase the 

efficiency of feed utilization, which shows that the use of DDGS in artificial feed 

formulations can increase the value of energy retention better than artificial feeds without 

DDGS. The nutritional content of DDGS ingredients added to the shrimp feed 

formulation contains both macro and micronutrients that can meet the nutritional needs of 

shrimp during the rearing process. According to Guo et al. (2018), the composition of 

DDGS contains several nutritional sources, including protein, fat, phosphorus, and 

vitamins, which can improve growth performance and feed utilization and increase 

immunity. It is suspected that the added DDGS ingredients in the shrimp feed 

formulation can increase the digestibility of the feed and can affect the efficiency value of 

the resulting feed utilization. DDGS can increase the content of trypsin and amylase in 

the shrimp intestine, which plays a role in the shrimp digestion process, according to 

Gyan et al. (2021), who stated that the inclusion of DDGS ingredients in the shrimp feed 

formulation increased the trypsin and amylase content in the shrimp intestines which 

played a role in increasing the digestibility of the feed. 

Using 15% DDGS in the feed given to the Pacific white shrimp (L. vannamei) can 

affect the growth length of the Pacific white shrimp. The protein content in the feed and 

the presence of amino acids needed by the Pacific white shrimp affect the species' 

growth. Protein is the main component of nutrition needed for aquaculture growth and 

survival rate. According to Suri et al. (2018), feed is one of the determinants of growth 

and survival rates. Biologically, the feed consumed by shrimp will be processed in the 

body, and then the nutritional elements in the feed will be absorbed and used to build 

tissue and meat in the shrimp's body. The content of DDGS, which consists of protein, 

fat, and energy, can affect the growth and immunity of Pacific white shrimp. This is 

confirmed by Gyan et al. (2021), who stated that proteins, fats, energy, and lipids that 

can increase the growth and immunity of Pacific white shrimp during the cultivation 

process can be found in DDGS material. Growth of the Pacific white shrimp is 

characterized by molting or changing the skin, and it indicates that the growth of the 

Pacific white shrimp is going well. This is coincided with the findings of  Marzuqi and 

Bagus (2021), who stated that the intensity of the shrimp supports the increase in length 

in white shrimp after molting, where the shrimp's appetite will increase after the molting 

to satisfy its appetite. 

Feeding with good nutritional content can support the growth rate of cultured 

shrimp. According to Riyanti et al. (2020), adequate feed consumption and nutrient 

content in the feed can significantly affect the growth of the average weight and length of 
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individual post-larvae white shrimp. This also follows the study of Nuhman (2009), who 

clarified that the daily growth rate increases along with the increase in the percentage of 

feeding because the increase in feed means the more significant the energy consumed by 

the shrimp. This energy is not only used for activities but also for growth. The shrimp 

intestine is an essential organ in immunity, digestion, and absorption of nutrients in the 

Pacific white shrimp body. The addition of DDGS material to the given feed formulation 

showed morphological changes in the shrimp intestine, namely an increase in microvilli 

and intestinal wall thickening, which played a role in the process of absorption of 

nutrients from the given feed and then utilized further for shrimp growth, one of which 

was the final biomass of shrimp. This is confirmed by Gyan et al. (2021), who observed 

that DDGS included in shrimp feed showed changes in the intestinal morphology and 

increased digestive enzymes in the intestine, where the intestine plays a vital role in 

protecting shrimp from disease, digestion, and absorption of nutrients. 

The value of the specific growth rate of the Pacific white shrimp fed DDGS in 

artificial feed was higher than that of the Pacific white shrimp fed artificial feed without 

DDGS. The protein and fat content can influence the growth rate in the feed given. 

Appropriate protein can promote growth by building new muscles, cells, and tissues and 

being an energy source. The high growth rate is also proportional to the high efficiency of 

feed utilization. According to Isnawati et al. (2015), the high growth rate is influenced 

by the increase in protein and body fat content, which functions as a builder of muscles, 

cells, and tissues as well as a source of energy. A high growth rate associated with high 

feed efficiency indicates that feed efficiently meets energy needs, and the rest is for 

growth. 

DDGS contains complex nutrients, including protein, fat, crude fiber, energy, and 

amino acids, that can support the ongoing growth process. In the ongoing growth process, 

lysine and methionine limit amino acids in shrimp feed, where a deficiency can inhibit 

growth. In the DDGS material, it was found that the amino acid content in the form of 

lysine and methionine was optimal for shrimp growth. This is confirmed by Diogenes et 

al. (2019), who stated that DDGS proved to be a good source of methionine, which was 

utilized in the growth process of the Pacific white shrimp during the rearing process. 

The retention of protein in treatment D was higher, which indicated that the L. 

vannamei shrimps were more able to convert the protein in the feed into protein stored in 

their bodies when compared to fish in other treatments. According to Setiawati et al. 

(2013), protein retention is several proteins originating from the feed given and then 

converted into protein stored in the bodies of fish and shrimp. The high or low protein 

retention values  indicate the protein quality in the feed that the shrimp body can utilize. 

Dewi and Evi (2017) stated that the protein retention value indicates the protein 

deposition index, which is utilized to form body tissues for growth. Protein will generally 

be digested into amino acids, which will then be used for cell repair, metabolic energy 

sources, and biological functions, and the rest is stored in the body. The amino acid 
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content in DDGS shows a high protein retention value. In a previous study, Halver 

(2002) argued that a deficiency of one or more essential amino acids will limit other 

essential amino acids in protein synthesis. According to Suprayudi et al. (2013), arginine 

and lysine are essential amino acids in the body that function as the immune system, 

energy storage, and antioxidants. 

The survival value during the study showed promising results, whereas the results 

from all treatments showed that the survival value was above 84%. This is presumably 

due to some of the content in DDGS, such as nucleotides, yeast, and beta-glucan, as well 

as the antioxidant properties of DDGS that can increase immunity in shrimp to increase 

the survival value until the end of the study. This is reinforced by Gyan et al. (2021), 

who stated that the nucleotides, yeast, and beta-glucans found in DDGS have a role in 

increasing the immune system and disease resistance in shrimp. Antioxidant properties 

that increase resistance to disease by counteracting free radicals. Optimal environmental 

conditions and adequate feed influence an excellent survival rate. The conditions of the 

rearing environment in this study were within a reasonable range that allowed the shrimp 

to grow well. According to Anugraha et al. (2014), factors that can affect the level of 

survival are internal and external. Internal factors come from the shrimp itself. Shrimps 

experience stress due to careless treatment, so the mortality is high. External factors that 

influence include environmental conditions. According to SNI (2014), the survival value 

of the Pacific white shrimp with a reasonable 70-80-day rearing period is above 83%. 

Water quality 

The supporting parameters of this research are water quality parameters. The 

water quality measurement parameters are salinity, temperature, pH, DO, and TAN. 

Water as a living medium for shrimps in captivity must meet the requirements for both 

quality and quantity. This measurement aims to determine the risk in matters relating to 

production activities that cause fish deaths. According to Erfanto et al. (2013), water 

quality management aims to reduce the risk of production failure by monitoring water 

quality parameters during the cultivation process. The leftover feed will decompose and 

can cause water quality to become poor and toxic. According to Marzuqi et al. (2012), 

feeding in excessive amounts causes problems such as causing a decrease in water quality 

due to pollution. 

The water quality measured in this study included salinity, temperature, pH, DO, 

and TAN, which had a range of values during the study; salinity in the morning ranged 

from 33-35ppt, and in the afternoon, around 32-35ppt. Adipu (2019) in this respect noted 

that the salinity for rearing the Pacific white shrimp in ponds is 30-35ppt. Temperature 

values during the study in the morning ranged from 28.00-29.80°C, and for the afternoon 

ranged from 28.00-33.50°C. According to SNI (2014), the optimal temperature for the 

Pacific white shrimp cultivation is 28-33°C. The pH value during the morning research 

was 7.50-8.32 and around 7.42-8.43 for the afternoon. In this context, SNI (2014) 

demonstrated that the optimal pH level for the Pacific white shrimp ranges from 7.5-8.5. 
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Dissolved oxygen (DO) during the study in the morning ranged from 5.30-6.80mg/ L, 

and in the afternoon ranged from 4.89-6.98mg/ L. SNI (2014) stated that dissolved 

oxygen levels during pacific white shrimp culture are optimal at >4mg/ L. The total 

ammonia (TAN) value during the study was 0.000-0.706mg/ L. According to Rusdy et 

al. (2021), the TAN content in the waters during the Pacific white shrimp cultivation 

process is still within the safe tolerance limit, which is a maximum of 1ppm. 

 

CONCLUSION 

 

The addition of DDGS in the artificial Pacific white shrimp feed formulation 

significantly affected (P<0.05) TFC, FCR, EFU, absolute length, weight, SGR, PR, and 

survival rate. The optimum dose of the addition of DDGS is in the range of 13.62-

19.46%/ weight of feed capable of producing TFC (13.850 grams), FCR (1.48), EFU 

(68.27%), absolute length (8.388cm), absolute weight (15.144 grams), SGR 

(3.408%/day), RP (72.15%) and SR (87.095%). 
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