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1. Introduction

Meat products are consumed world‑wide in 
a variety of forms. They are among the foods that 
offer the best opportunity to deliver high amounts of 
protein, essential amino acids, minerals such as iron 
and selenium, vitamins and other nutrients (Bolg‑
er et al., 2017). Different strategies have been used 
to change ingredients to improve the quality and 
presence of bioactive compounds in meat products 
(Jiménez‑Colmenero et al., 2001).

Chicken production and consumption have 
steadily increased globally. This implies that chick‑
en edible by‑products are also increasing day by day. 

Chicken liver, which is around 1.6–2.3% of a chick‑
en’s weight, is one of the main chicken by‑products 
(Ockerman & Basu, 2004). According to Ockerman 
and Basu (2004) and Seong et al. (2015), chicken 
liver could be a good source of vitamins A, B12, and 
some minerals, such as iron (Fe). Thus, using chick‑
en liver in meat formulations could be a good strat‑
egy to provide novel products with high nutritional 
quality. However, using chicken liver in meat for‑
mulations could affect some quality characteristics, 
such as emulsion stability, water holding capaci‑
ty (WHC), cooking loss, texture and color. For this 
reason, the replacement ratio becomes an important 
challenge for producing novel formulations.
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With the aforementioned facts, it is clearly 
understandable that using chicken liver in chicken 
meat formulations could increase the functionality 
of the products. Hence, the present study was set the 
purpose of investigating the effects of chicken liver 
as a chicken meat replacer on some quality charac‑
teristics of model system chicken meat emulsions.

2. Materials and methods

2.1. Materials

Chicken meat, chicken liver and beef fat were 
purchased from a local butcher. Sodium tripolyphos‑
phate and sodium chloride were purchased from 
Kimbiotek (İstanbul, Türkiye).

2.2. Production of emulsions

In each treatment, the total proportion of chick‑
en meat and chicken liver was 68%, and four dif‑
ferent treatments were produced by replacing chick‑
en meat with chicken liver as follows: C (100% 
chicken meat+0% chicken liver), L25 (75% chick‑
en meat+25% chicken liver), L50 (50% chicken 
meat+50% chicken liver), and L75 (25% chicken 
meat+75% chicken liver). Chicken meat, chicken 
liver and beef fat were passed through a grinder 
with a 3mm plate (Arnica Meatchef, Türkiye). After 
homogenization of chicken meat, chicken liver and 
half of the ice (5%) for 1 minute in kitchen type 
blender (Fakir Mr Chef Quadro, Türkiye), beef fat 
(20%), salt (1.5%), sodium tripolyphosphate (0.5%), 
and rest of the ice (5%) were added to the blender and 
mixed to provide a uniform blend. After obtaining a 
uniform blend, portions of each emulsion (approxi‑
mately 25 g) were placed in Falcon tubes (50 mL) 
and were hermetically sealed. The tubes were heat‑
ed for 30 min in a 70°C water bath. Emulsions were 
cooled to room temperature and analyzed.

2.3. Methods

2.3.1. Chemical composition

Moisture, fat, protein and ash contents of the 
samples were determined according to AOAC (2005).

2.3.2. Emulsion stability, water holding capacity 
and cooking loss

Emulsion characteristics of treatments in 
terms of total expressible fluid (TEF) and WHC 
were determined according to Hughes et al. (1997). 
Cooking loss (CL) was calculated according to sam‑

ple weight difference before and after cooking. Total 
expressible fat (TFAT) was calculated with a modi‑
fied procedure of Hughes et al. (1997) as follows:

2.3.3. pH

The pH of raw and cooked emulsions was 
measured using a pH meter (Hanna Instruments Inc., 
USA) on a homogenate of 10 g sample in 90 ml of 
distilled water.

2.3.4. Color

Lightness (L*), redness (a*) and yellowness 
(b*) parameters of treatments were determined by 
using a portable colorimeter (Chromameter CR400, 
Minolta, Japan). Emulsions were cut in half and 
color was determined on the inside cut surfaces.

2.3.5. Textural properties

Texture profile analysis (TPA) of cooked emul‑
sions was performed using a texture analyzer (CT3‑
4500; Brookfield Engineering Laboratories, USA) 
with TA4/1000 probe. Samples (10 mm length, 
20 mm diameter cylinder) were taken and com‑
pressed to 50% of their original height with a cross‑
head speed of 1 mm/s and 4500 g load cell. Texture 
Expert version 1.0 software (Stable Micro Systems, 
England) was used to collect and process the data.

2.3.6. Statistical analysis

All analyses were carried out in triplicate and 
one‑way analysis of variance (ANOVA) was applied 
in order to observe the effect of using chicken liv‑
er as chicken meat replacer. Significant differences 
that had an effect were further analyzed by Duncan’s 
multiple range test at 95% confidence level using 
SPSS for Windows statistical package program (ver‑
sion 23, IBM, USA).

3. Results and discussion

The chemical composition of emulsions is 
shown in Table 1. Moisture, fat, protein and ash con‑
tents of samples ranged between 58.97–61.15%, 
19.82–20.80%, 16.48–17.29%, and 2.61–2.80%, 
respectively. According to the results, fat and ash 
contents of the emulsions were similar (p>0.05). 
However, significantly lower protein content and 
higher moisture content was found L75 than in the 
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other emulsions (p < 0.05). Similar to our results, 
Wijayanti et al. (2013) stated that chicken liver addi‑
tion ratio could decrease protein contents of broil‑
er nuggets.

The pH of raw and cooked emulsions was 
between 6.16–6.57 and 6.24–6.61, respectively. 
Similar to previous reports (Dourou et al., 2021), in 
the present study, the pH of fresh chicken liver was 
6.60±0.02. Thus, with respect to chicken liver ratio, 
the pH of raw and cooked emulsions was increased 
(p<0.05).

WHC, emulsion stability (total expressible 
fluid and total expressible fat), and cooking loss 
are presented in Table 2. WHC, total expressible 
fluid, total expressible fat and cooking loss were 
between 74.43–83.19%, 1.13–6.41%, 0.23–5.22%, 
and 3.89–7.03%, respectively. Using chicken liv‑
er as chicken meat replacer at up to 50% did not 
affect the emulsion stability (p>0.05). However, 
using chicken liver at more than 50% significant‑
ly degraded the emulsion stability and WHC, and 
increased the cooking loss of the emulsion (p<0.05). 
Even though the pH of L75 was higher than in other 
emulsions, L75’s emulsion stability was the lowest 
(p<0.05). Protein provides good emulsifying abili‑

ty in emulsions (Tamnak et al., 2016). For this rea‑
son, lower protein content and higher moisture con‑
tent could be the result of lower emulsion stability 
in L75 (p<0.05). Cooking loss is associated with fat 
and water retention of products. Afshari et al. (2017) 
stated that high fat and moisture losses resulted in 
higher cooking losses in meat products. Thus, low‑
er total expressible fluid and total expressible fat 
caused higher cooking loss in L75 (p<0.05).

Color is one of the main factors affects the con‑
sumer preference. The addition of non‑meat ingre‑
dients could result in undesirable color changes 
(Serdaroğlu et al., 2018)P2 (2% PM. Interior color 
parameters of the emulsions are presented in Table 3. 
L*, a*, and b* values ranged between 56.78–73.79, 
3.64–14.83, and 10.95–13.84, respectively. Chicken 
liver replacement ratio increments resulted in dark‑
er, redder and less yellow products due to the char‑
acteristic color differences between chicken meat 
and chicken liver (p<0.05). These color differences 
might be the result of minerals, such as iron and zinc 
(Permatasari et al., 2020). Seong et al. (2015) stated 
that chicken liver has higher levels of trace elements 
than most edible by‑products and muscle tissues.

Table 1. Chemical composition and pH of emulsions

Moisture (%) Fat (%) Protein (%) Ash (%)
pH

Raw Cooked

C 59.41±0.64b 20.16±0.37 17.07±0.31a 2.77±0.05 6.16±0.01d 6.24±0.01d

L25 59.14±0.18b 20.06±0.17 17.29±0.25a 2.61±0.14 6.29±0.01c 6.41±0.01c

L50 58.97±0.94b 19.82±0.86 17.01±0.63a 2.78±0.32 6.46±0.01b 6.52±0.01b

L75 61.15±1.00a 20.80±0.43 16.48±0.13b 2.80±0.33 6.57±0.01a 6.61±0.01a

a–b Means in a same column with different letters are significantly different (p<0.05). C (100% chicken meat+0% chicken liver), L25 
(75% chicken meat+25% chicken liver), L50 (50% chicken meat+50% chicken liver), and L75 (25% chicken meat+75% chicken liver).

Table 2. Water holding capacity (WHC), total expressible fluid (TEF), total expressible fat (TFAT), 
and cooking loss (CL) of samples

WHC (%) TEF (%) TFAT (%) CL (%)

C 83.19±1.81a 1.22±0.03b 0.30±0.02b 3.89±.041b

L25 82.93±2.06a 1.22±0.06b 0.23±0.13b 4.24±1.02b

L50 82.45±1.98a 1.13±0.06b 0.64±0.31b 3.98±0.45b

L75 74.43±1.97b 6.41±0.29a 5.22±0.33a 7.03±1.29a

a–b Means in a same column with different letters are significantly different (p<0.05). C (100% chicken meat+0% chicken liver), L25 
(75% chicken meat+25% chicken liver), L50 (50% chicken meat+50% chicken liver), and L75 (25% chicken meat+75% chicken liver).
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Textural properties of the emulsions are shown 
in Table 4. Chicken liver addition affected the tex‑
ture of samples significantly (p<0.05). Due to the 
softer texture of chicken liver, incremental addition 
of chicken liver resulted in softer samples (p<0.05). 
Similar results were observed by Amertaningtyas et 
al. (2023) and Wijayanti et al. (2013). Amertaning‑
tyas et al. (2023) stated that increasing the chick‑
en liver substitution ratio could result in softer 
products, since chicken liver does not have muscle 
fibers. All textural properties of L75 were similar to 
those of L50 (p>0.05), except the hardness. Howev‑
er, these two emulsions had significantly lower tex‑
tural properties than the control (p<0.05).

4. Conclusion

The main aim of this study was to investi‑
gate effects of using chicken liver as a chicken meat 
replacer on some quality characteristics of mod‑

el system chicken meat emulsions. The chicken liv‑
er replacement ratio significantly affected moisture 
and protein contents of the emulsions as well as the 
pH values (p<0.05). The lowest emulsion stability, 
WHC, and the highest cooking loss was observed 
in L75 (p<0.05). However, using chicken liver as a 
chicken meat replacer at up to 50% did not affect‑
ed the emulsion stability (p>0.05). With respect to 
chicken liver replacement ratio increments, lower L* 
and b* values and higher a* values were observed 
(p<0.05). Textural properties of emulsions were sig‑
nificantly affected by the presence of chicken liv‑
er in the formulations (p<0.05). The present study 
showed that chicken liver could be a good chick‑
en meat replacer at up to 50%; however, this ratio 
could be increased by the addition of binders/fillers. 
Thus, further studies should be conducted to deter‑
mine the effects of using chicken liver as a chick‑
en meat replacer in meat products such as sausag‑
es, nuggets etc.

Disclosure statement: No potential conflict of interest was reported by authors.

Table 3. Color of emulsions

L* a* b*

C 73.79±0.85a 3.64±0.19d 13.45±0.23a

L25 65.64±0.36b 10.34±0.54c 13.84±0.29a

L50 61.52±0.46c 13.04±0.40b 12.82±0.13b

L75 56.78±1.58d 14.83±0.40a 10.95±0.42c

a–b Means in a same column with different letters are significantly different (p<0.05). C (100% chicken meat+0% chicken liver), L25 
(75% chicken meat+25% chicken liver), L50 (50% chicken meat+50% chicken liver), and L75 (25% chicken meat+75% chicken liver).

Table 4. Textural properties of samples

Hardness (g) Springiness 
(mm)

Cohesiveness 
(mJ) Gumminess (g) Chewiness (g)

C 4605.00±718.00a 3.23±0.24a 0.70±0.01a 3217.50±467.50a 102.84±22.19a

L25 2420.55±258.54b 3.11±0.32b 0.66±0.01ab 1594.92±173.65ab 49.07±10.29b

L50 1286.00±146.00c 2.74±0.28c 0.58±0.07bc 725.20±30.00bc 19.49±2.00c

L75 557.77±59.94d 2.60±0.08c 0.50±0.09c 272.29±52.18c 6.97±2.38c

a–b Means in a same column with different letters are significantly different (p<0.05). C (100% chicken meat+0% chicken liver), L25 
(75% chicken meat+25% chicken liver), L50 (50% chicken meat+50% chicken liver), and L75 (25% chicken meat+75% chicken liver).
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