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ABSTRACT 

The broth of ceviche is a balanced mixture of key ingredients that provides acceptable 

acidity. This study evaluated and improved the formulation of a commercial ceviche 

premix of cabrilla (Paralabrax humeralis), focusing on pH, acidity, and acceptability. 

Initially, a consumer acceptability test was conducted comparing the premix with a 

traditional ceviche broth from well-rated restaurants. The traditional broth had an average 

pH of 3,59 ± 0,06 and an acidity of 4,03 ± 0,12 g of citric acid/100 ml. In contrast, the 

premix showed a pH of 2,66 ± 0,09 and an acidity of 4,36 ± 0,20 g of citric acid/100 ml, 

with a low acceptability of 37,78% and pungency issues. 

The formulation was improved by adding 0.4% silicon dioxide, evaluated through a 

hedonic test, with a p-value = 0,000536 < 0,05, indicating significant differences between 

the evaluated doses (0,3%, 0,4%, and 0,6%) with 95% confidence. The adjustment with 

atomized lemon (17,5 g/100 ml of water) resulted in a broth with a pH of 3,6 ± 0.08 and an 

acidity of 4,34 ± 0,10 g of citric acid/100 ml, similar to the traditional broth, increasing 

acceptability to 74,57%. However, consumers perceived significant differences between 

the ABC2 and ABC formulas, demonstrated in an acceptability test with 40 consumers 

(p-value = 0,000067 < 0,05). 
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RESUMEN 

El caldo del ceviche es una mezcla equilibrada de ingredientes clave que proporciona una acidez 

aceptable. Este estudio evaluó y mejoró la formulación de una premezcla comercial de ceviche 

de cabrilla (Paralabrax humeralis), centrándose en el pH, la acidez y la aceptabilidad. 

Inicialmente, se realizó una prueba de aceptabilidad del consumidor comparando la premezcla 

con un caldo de ceviche tradicional de restaurantes bien valorados. El caldo tradicional tenía 

un pH promedio de 3,59 ± 0.06 y una acidez de 4,03 ± 0,12 g de ácido cítrico/100 ml. En 

cambio, la premezcla mostró un pH de 2,66 ± 0,09 y una acidez de 4,36 ± 0,20 g de ácido 

cítrico/100 ml, con una baja aceptabilidad del 37,78% y problemas de picor. 

Se mejoró la formulación añadiendo 0,4% de dióxido de silicio, evaluada mediante una prueba 

hedónica, con un valor-p = 0,000536 < 0,05, indicando diferencias significativas entre las dosis 

evaluadas (0,3%, 0,4% y 0,6%) con un 95% de confianza. El ajuste con limón atomizado (17,5 

g/100 ml de agua) resultó en un caldo con un pH de 3,6 ± 0,08 y una acidez de 4,34 ± 0,10 g de 

ácido cítrico/100 ml, similar al caldo tradicional, aumentando la aceptabilidad al 74,57%. No 

obstante, los consumidores percibieron diferencias significativas entre las fórmulas ABC2 y 

ABC, demostradas en una prueba de aceptabilidad con 40 consumidores (valor-p = 0,000067 < 

0,05). 

Palabras clave: ceviche, cabrilla, premezcla, dióxido de silicio, aceptabilidad. 

 

 

I. INTRODUCTION 

Peruvian gastronomy has grown remarkably in recent years, highlighting dishes such as 

ceviche, ají de gallina, lomo saltado, and arroz con mariscos, which have gained worldwide 

popularity (CENFOTUR, 2023). 

Peruvian ceviche is one of Peru's most emblematic dishes, known for its unique combination 

of flavors (PROMPERU, 2020; Bradley, 2023). Its origin is attributed to the Mochica and Inca 

cultures, which used fermented juices and chicha to marinate the fish (PROMPERU, 2018). 

The pH is crucial for pathogen inactivation, but the ingredients and temperature also influence 

its reduction (Lopes et al., 2022). 

In different regions of Peru, ceviche adapts to local ingredients. For example, in Piura, it is 

served with zarandaja, sweet potato, and corn, while in Chiclayo it is accompanied by maize 

tortilla (PROMPERU, 2020). 
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The cabrilla, Paralabrax humeralis, is a fish with distinctive characteristics such as its gray- 

brown color and orange spots, in addition to being important in the demersal fishery for its 

high-quality meat (IMARPE, 2021). 

Peruvian lime, essential in ceviche, has a pH of 2,3 and is mostly produced in Piura, 

Lambayeque, Tumbes, Loreto, and Ucayali (Puchoc C. & Puchoc J., 2021). Dehydrated lime 

juice powder, with maltodextrin, regulates moisture and increases shelf life (Alva & Elescano, 

2022). 

Garlic, Allium sativum, and chili peppers, especially Capsicum chinense, are fundamental 

ingredients that provide flavor and heat to ceviche (Jesús & Carbajal, 2019; Torres, 2018; 

Hernández & Radahelly, 2023). Dehydrated chili powder has a pH of 4,91 and a maximum 

humidity of 11% (Gonzales et al., 2008; CODEX ALIMENTARIUS, 2022). 

Black pepper, Piper nigrum, and ginger, known as kion, are also important components that 

contribute to the flavor and medicinal properties of the dish (CONITTA, 1991; García & Rayo, 

2018; MINAGRI, 2020; Siedentopp, 2008). 

Silicon dioxide, used as an anti-caking and anti-moisture agent, improves food texture 

(Requena & Vietti, 2019; Kwon et al., 2023). Its use in dehydrated foods, such as atomized 

products, is key to maintaining quality and prolonging shelf life (Ávila et al., 2015; Avello et 

al., 2023; Peng et al., 2013). 

The need to improve a commercial seasoning premix for cabrilla ceviche was identified due to 

its high initial pungency, which affected acceptability. This study aimed to improve the 

formulation to increase its acceptability and offer a practical and straightforward option for 

preparing ceviche (PROMPERU, 2020). 

II. MATERIALS AND METHODS 

2.1. Execution Location 

The present work was carried out in a retail supplier company, located in the district of San 

Luis, in the province of Lima, dedicated to the production, development, commercialization, 

and distribution of products such as condiments and spices nationwide. The other part was 

conducted in the engineering and chemistry laboratories of the Faculty of Fisheries at the 

National Agrarian University La Molina (UNALM). 
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2.2. Materials 

2.2.1. Raw Material 

Cabrilla (Paralabrax humeralis) was acquired in its commercial size at the Ventanilla Fish 

Terminal, Constitutional Province of Callao, Peru. It was transported on ice and processed 

immediately. For the tests, 2-centimeter cubes were used. 

2.2.2. Ceviche Flavor Premix 

The premix called "DON CEVICHE" from the brand DOÑA YOLA will be kept as a 

proprietary and confidential development. The ingredients of the original formula include: 

powdered atomized lemon, salt, powdered garlic, powdered ginger, powdered black pepper, 

and powdered limo chili. The ceviche broth is prepared by dissolving a 50 g sachet of the premix 

in 100 ml of water, to which 500 g of fish cut into cubes is added (the instructions do not specify 

the type of fish or the size of the cubes). It is left to rest for 5 to 10 minutes and served with 

accompaniments such as sweet potato, corn, onion, and cancha (toasted corn). 

2.2.3. Traditional Ceviche Broth 

The traditional ceviche broth was evaluated by acquiring ceviche in three specialized seafood 

restaurants (cevicherías) located in the city of Lima. 

2.2.4. Ingredients 

The ingredients used for the formulation adjustment are atomized lemon powder from DOÑA 

YOLA and Food Grade silicon dioxide. 

2.2.5. Materials and Equipment 

Solutions: pH 4, 7, and 10 buffer solutions, NaOH: 0.1 N, phenolphthalein (1% solution in 

ethanol). 

Materials: Spoons, strainer, stainless steel bowl, disposable plates, 50 ml graduated cylinder, 

150 ml beaker, 100 ml glass beaker, 50 ml glass burette, 250 ml glass Erlenmeyer flask, 10 ml 

volumetric pipette, hedonic preference questionnaires, general acceptability questionnaires, 

plastic spoons, consumer panel (40 participants). 

Equipment: Hanna pH meter, model pH 4 HI98217, Mettler Toledo digital balance, model 

CUB, Shengwin Speed magnetic stirrer and mixer model YG-5KG. 

2.1.1. Analytical Methods of Evaluation 

pH: Determined according to AOAC 981.12 (2012). 

Acidity: Determined according to AOAC 942.15 (2019). 
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Preference Test: 5-point hedonic scale with 40 panelists (25-50 years). Each panelist evaluated 

3 samples with silicon dioxide at 0.2%, 0.4%, and 0.6%. They indicated their level of liking 

according to the verbal-numeric scale (Tolentino, 2023; Ramírez, 2015; Witting, 2001). 

General Acceptability: Linear graphic scale from 0 to 15 points, from "I like it very much" to 

"I dislike it very much". Two samples (ABC and BCA) were evaluated: traditional ceviche 

broth and broth with flavor premix (Crispin-Sanchez et al., 2024). 

Chemical Evaluation: Proximal analysis in triplicate for the premix and ceviche broth. 

Methods: protein (AOAC 954.05, Cap. 4, p. 8, 20th ed., 2016); lipids (AOAC 920.39, Cap. 4, 

p. 40, 20th ed., 2016); moisture (AOAC 934.01, Cap. 4, p. 1, 20th ed., 2016); ashes (AOAC 

942.05, Cap. 4, p. 8, 20th ed., 2016); and carbohydrates by difference (MS-INN, Collazos, 

1993). 

2.3 Experimental Methodology 

2.3.1 Preparation of the Flavor Premix 

Figure 2 shows the flow diagram of the processes carried out for the preparation of the flavor 

premix. 
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Figure 2. Flow of operations for obtaining flavor premix (ABC) 

2.3.2. Experimental Design 
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Figure 3. Experimental design for the improvement of powdered ceviche premix formulation 

 
 

2.3.3. Statistical Analysis 

Acceptability was evaluated with the t-test to compare the mean difference (0.0) against the 

alternative hypothesis that the difference is not equal to 0.0. With a P-value < 0.05, the null 

hypothesis is rejected, and the alternative is accepted. 

The preference test was evaluated with the F-test. A P-value < 0.05 indicates a significant 

difference between the means of the three variables, with a confidence level of 95.0%. For the 

significance of the means, multiple range tests were used with Fisher's least significant 

difference (LSD) method. 

The pH adjustment was performed using linear regression to describe the relationship between 

pH and atomized lemon. If the P-value < 0.05, a significant relationship is considered, with a 

confidence level of 95.0%. 

All statistical analyses were performed using STATGRAPHICS Centurion 8.1 software. 

 
III. RESULTS Y DISCUSSION 

3.1. Base Formula Acceptability 

The ceviche broth was prepared using the base flavoring formula (BCA) and an acceptability 

test was conducted with 40 panelists, comparing it with a traditional ceviche broth (BCA) from 

three restaurants in Lima. Consumers (20-60 years old) gave average scores of 12.0645 and 

Final formula 

Formulation adjustment by 

correlation of pH and acidity 

of traditional ceviche broth 

Atomized lemon 

Preference test using hedonic 

scale 

Silicon dioxide 

Initial acceptability test 

D
is

eñ
o

 E
x

p
er

im
en

ta
l 



 Fredy Crispin, Rossmery K /Afr.J.Bio.Sc. 6(14) (2024) Page 1140 of 15 

 

4.5575 to the BCA and ABC samples, respectively (Figure 4). According to the p-value (< 

0.05), the null hypothesis was accepted, indicating significant differences between BCA and 

ABC. The flavored premix (ABC) had an acceptability of 37.78%, suggesting that it needs 

improvement. 

 
 

Figure 4. Box plot and mean comparison of ABC and BCA formulas 

 
 

3.2. Determination of Adjusted Formula 

Evaluation of Silicon Dioxide 

The dose that significantly reduces the pungency of the ceviche broth premix was determined, 

based on an acceptance ≥ 50%. A preference test was conducted using a hedonic scale with 

three formulations: 0.2% (A), 0.4% (B), and 0.6% (C). The ANOVA (Table 2) showed an F- 

ratio of 58.3421 and a p-value < 0.05, indicating statistically significant differences between 

the means of the three doses with a 95% confidence level. 

 
Table 2. Analysis of variance of the effect of silicon dioxide doses 

 

Source Sum of Squares df Mean Square F-Ratio p-Value 

Between groups 49,2667 2 24,6333 58,34 0,0000 

Within groups 49,4 117 0,422222   

Total (Corr.) 98,6667 119    

 
The multiple range test indicated significant differences with a 95% confidence level. Fisher's 

least significant difference (LSD) method identified three homogeneous groups (Figure 5). 
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Figure 5. 95% Fisher LSD mean comparison and box plot 

 
 

Preference leaned towards the 0,6% (C) dose. However, the 0,4% (B) dose showed the lowest 

coefficient of variation (20,67%) and a mean preference of 2,5, indicating a 50% preference. 

Additionally, considering the supplier's recommendation and costs, it was decided to use the 

0,4% (B) dose of silicon dioxide in the flavoring premix. 

 
pH and Acidity Adjustment 

According to Zakrzewski et al. (2022), pH is crucial in ceviche preparation, as marinating the 

fish in lemon juice (pH 2,5-3,6) affects the viability of bacteria such as Salmonella spp., 

Escherichia coli, and Listeria monocytogenes. Ingredients in ceviche, such as chili peppers and 

onions, have bactericidal potential whose effectiveness depends on exposure time. 

At this stage, the goal was to achieve acidity and pH similar to traditional ceviche. This was 

done by measuring the pH and acidity of traditional ceviche broth and adjusting it with atomized 

lemon. The calibration curve shows a significant relationship (ANOVA, p-value < 0,05) 

between pH and atomized lemon, with an R² of 99,88%. The adjusted equation is pH = 5,81715 

– 0,126462*Atomized Lemon, indicating that 17,5 g of atomized lemon juice result in a pH of 

3,6, consistent with Tyl & Sadler (2022) on the importance of titratable acidity. 

This pH contributes to ceviche safety by creating a hostile environment for pathogens (Jay et 

al., 2005; Cases, 2024) and reducing microbial load, making it suitable for consumption when 

proper practices are followed (Keenleyside, 2023). Although a pH of 3,6 does not eliminate all 

microorganisms, it significantly reduces their number, making ceviche safer if consumed 

promptly (Adams & Moss, 2008). Other studies show that marinating fish in weak acids (pH 

3,7-4,2) reduces microbial activity and denatures proteins (Logrén et al., 2022). It is essential 

to use fresh fish and good handling practices to ensure product safety. 
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Table 3. Analysis of variance of the effect of atomized lemon adjustment and pH 
 
 

Source Sum of Squares df Mean Square F-Ratio p-Value 

Model 0,331345 1 0,331345 4867,22 0,0000 

Residual 0,000408462 6 0,0000680769   

Total (Corr.) 0,331753 7    

 

 
 

 

Figure 6. Calibration curve of pH vs. grams of atomized lemon juice poder 

 
 

The traditional cabrilla ceviche broth (BCA) had a pH of 3,59 ± 0,06 and an acidity of 4,03 ± 

0,12 g of citric acid/100 ml. The initial flavored premix broth had a pH of 2,66 ± 0,09 (ABC). 

The final formula projects that 17,5 g of atomized lemon juice should achieve a pH of 3,6, 

incorporated into the final adjusted formula (ABC2). 

 
Final Formula 

The final formulation (ABC2) was adjusted with silicon dioxide (0,4%) and atomized lemon 

juice (17,5 g/50 g of product). This had an average pH of 3,6 ± 0,08 and an acidity of 4,39 ± 

0.10 g of citric acid/100 ml, similar to a traditional cabrilla ceviche broth. Zakrzewski et al. 

(2022) reported a pH of dolphin fish ceviche (Coryphaena hippurus) between 3,2 and 3,3 using 

citric acid, sufficient to inhibit pathogenic microorganisms. Logren (2022) obtained a pH of 3,7 

to 4,2 by marinating Baltic herring (Clupea harengus membras) in various acids, achieving high 

microbiological quality. 

The most significant changes were increased moisture and decreased proteins during storage 

(Logren, 2022). Protein denaturation by lemon juice acid affects the texture and pH of ceviche, 

and can release amino acids that interact with acids, modifying their acidity. Fat acts as a buffer, 
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mitigating pH changes (Zakrzewski et al., 2022), while carbohydrates affect liquid viscosity 

(Nash, 2023). The high moisture content of the fish can dilute the lemon juice, affecting the 

acid concentration and pH of the ceviche (Tyl & Sadler, 2022). 

3.3 Final Formula Acceptability 
 

The ceviche broth was prepared with the adjusted flavoring premix (ABC2) and an acceptability 

test was conducted with 40 panelists, comparing it with a traditional ceviche broth (BCA) from 

three restaurants in Lima. Consumers, aged 20-60, gave average scores of 10,758 and 8,0225 

to BCA and ABC2, respectively (Figure 6). According to the p-value = 0,0000667006 < 0,05, 

the null hypothesis was accepted, indicating significant differences between BCA and ABC2. 

Although ABC2 scored lower, its acceptability increased to 74,57%, compared to the initial 

37,78%. 

 

 
 

 

Figure 7. Box plot and mean comparison of ABC2 and BCA formulas of ceviche broths 

 
 

3.4. Proximal Analysis 

The final adjusted formulation (ABC2) underwent proximal analysis, yielding the following 

results: moisture 4.12%; protein 5.77%; fat 1.1%; carbohydrates 60.14%; fiber 3.04%; and ash 

27.23%. In Peru, the Regulation on Food and Beverage Sanitary Surveillance and Control DS 

N° 007-98-SA (DIGESA, 1998) indicates that these values are within considerations for 

powdered products. Regarding minerals, no maximum sodium limit is specified for flavored 

premixes, but it follows WHO (2023) and other international regulations. 

The CODEX ALIMENTARIUS (1991) does not establish a specific maximum sodium limit 

for premixes but requires that the sodium content be clearly declared on the label and that the 

product does not contribute to excessive sodium consumption. Regulation (EC) No 1169/2011 

(EC, 2021) states that the recommended daily intake of sodium should not exceed 2,300 mg per 
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person. Likewise, WHO recommends that daily sodium intake should not exceed 2,000 mg for 

adults to reduce the risk of hypertension and cardiovascular diseases. 

 

 
IV. CONCLUSIONS 

 
- The traditional cabrilla ceviche broth has a pH of 3.59 ± 0.06 and an acidity of 4.03 ± 0.12 

g of citric acid/100 ml. 

- The initial flavored ceviche premix presented a pH of 2.6 and an acceptability of 37.78%. 

- The dose of 0.4% silicon dioxide affects the pungency of the flavored ceviche premix. 

- A calibration curve was obtained with the relation pH = 5.81715 – 0.126462 * atomized 

lemon. 

- The curve allowed the adjustment of 17.5 g of powdered atomized lemon juice/100 ml of 

water, achieving a pH of 3.6 and an acidity of 4.34 g of citric acid/100 ml of water, with 

characteristics similar to traditional ceviche broth, which increased the acceptability of the 

improved product (ABC2) to 74.57%. 
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