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Abstract 

The present study analyses the effects of adding walnuts and various vegetable oils (sea buckthorn, 

walnut and sunflower) used as back-fat replacers on the chemical composition, cooking loss, fatty acid 

composition, lipid oxidation, total antioxidant capacity, texture profile and sensory properties of 

meatloaf. In the study, the values of the fat content, cooking loss, energy, thiobarbituric acid reactive 

substances for the meatloaf containing walnuts and vegetable oils were lower than those of the control 

sample. The sample containing walnuts and sea buckthorn oil had the highest total antioxidant capacity, 

followed by the sample containing walnuts and sunflower oil. The highest values of textural and 

sensorial characteristics were obtained by the samples containing walnuts and sunflower oil. The 

incorporation of vegetable oils and walnuts has successfully reduced the animal fat content in the finite 

products while improving other characteristics (energy value, reducing cooking loss, inhibition of lipid 

oxidation, total antioxidant capacity). 
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1. Introduction 

Meat and meat products are important sources of 

proteins, fats, essential amino acids, minerals, 

vitamins, and other nutrients in human food sources. 

In meat products, fat plays a major role in forming 

stable emulsions, reducing cooking loss, improving 

water holding capacity and binding properties, 

forming rheological and structural properties, and 

providing juiciness and hardness to the products [1, 

2, 3]. However, the high fat content of such 

products leads to consumption restrictions for 

individuals who are prone to cardiovascular 

diseases, hypertension, coronary heart diseases 

and/or are overweight [4, 5, 6]. Yet, fat is an 

important constituent of human nutrition and 

contributes to the flavor, tenderness, juiciness, 

appearance, texture and shelf-life of meat products.  

 

Thus, the challenge for the meat industry is to 

develop low-fat meat products without 

compromising their sensory and texture 

characteristics [7, 8, 9].  

In this regard, the reduction of fat content in meat 

products and the substitution of animal fat with 

vegetable oils and non-meat ingredients such as 

walnuts should result in healthy products. Several 

vegetable oils have already been used as fat 

substitutes, such as olive, flaxseed, corn, soybean, 

and canola oil. The replacement of animal fat with 

vegetable oils in meat products has been found to be 

an efficient and successful strategy aimed at 

enhancing the nutritional value of these products, as 

vegetable oils are cholesterol-free and have a higher 

ratio of unsaturated to saturated fatty acids than 

animal fats [3, 10].  
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Walnuts (Juglans regia L.) are rich in 

monounsaturated fatty acids (oleic acid) and also 

have a higher content of polyunsaturated fatty acids 

(linoleic and α-linolenic acids) than typical 

vegetable oils. In addition to the distinctive fatty 

acid profile, numerous epidemiological studies have 

shown the contribution of other components with 

beneficial cardioprotective effects. These include a 

low lysine:arginine ratio, high levels of vitamin E, 

arginine, folate, dietary fibre, phytosterols, tannins 

and polyphenols [11].  

It has been reported that walnuts, as part of a cardio-

healthy diet, may reduce the risk of coronary heart 

disease. This effect has been associated with the 

blend of nutrients and phytochemicals found in 

walnuts [12]. The objective of this study was to 

investigate the effect of replacing animal fat by 

various vegetable oils and walnuts on the proximate 

composition, cooking loss, free fatty acids, lipid 

oxidation, total antioxidant capacity, texture profile 

and sensory properties of the meatloaf. To  further 

evince the importance of using low-fat matters, only 

high protein content compounds, like milk powder 

and soy powder milk were chosen for the 

composition of the  meatloaf.  

The proximate composition, energy value, cooking 

loss, free fatty acids and texture profile of 

reformulated meats are employed to characterize the 

main properties and qualities of the reformulated 

meat products. 

2. Materials and Methods 

2.1. Chemicals 

All chemicals and reagents used in the present work 

were purchased from Merck (Darmstadt, Germany) 

and Sigma Chemicals (Steinheim, Germany). The 

reagents were of analytical purity. 

2.2. Materials 

To obtain the meatloaf, fresh pork meat (moisture 

72%, fat 6.3%, protein 20.4%) and pork fat 

(moisture 12.6%, fat 85.6%) were purchased from a 

local processor at 48 h postmortem. The sea 

buckthorn oil was obtained from S.C. Hofigal 

Export Import (Bucharest, Romania). The sunflower 

oil, walnut oil and all other additives (soy powder 

milk, sodium chloride and pepper) were purchased 

from a local supermarket in Galati (Romania). 

Walnuts (S.C. Romtransilvan, Oradea, Romania) 

were ground down to a particle size of 

approximately 12 μm by means of a food processor 

(Philips Essence HR7766, CE) at 29.2 Hz for 

approximately 2 min. 

2.3. Meatloaf preparation 

Four different meatloaf formulations were prepared 

(Table 1). The control meatloaf (C) was made from 

fresh pork meat, pork back fat, sodium chloride and 

pepper, while the SSF (meatloaf with walnuts and 

sunflower oil), SSB (meatloaf with walnuts and sea 

buckthorn oil) and SWN (meatloaf with walnuts and 

walnut oil) samples contained walnuts, vegetable oil 

and soy powder milk. 

Sunflower oil was chosen because it has a high 

amount of polyunsaturated fatty acids (PUFA), 

while sea buckthorn oil and walnut oil are a good 

source of antioxidants. Soy powder milk was used 

to enhance the functional properties, such as 

emulsification, water-and fat-binding capacity and 

the textural properties of the meatloaf. The amount 

of walnuts and vegetable oils used to obtain the 

meatloaf was taken out of the pork back fat. The 

main steps in the preparation of the meatloaf are 

shown in Figure 1. The cooking process was carried 

out in a Sharp R – 94 ST convection oven 

(Germany) at 180°C for 50 minutes. To provide the 

optimal characteristics of cooking process, the oven 

has preheated for 10 minutes [13]. 

2.4. Proximate composition 

The chemical composition of meatloaves was 

determined by means of procedures prescribed by 

Association of Official Analytical Chemists [14] for 

dry matter, protein, fat and ash determination. 

Carbohydrates were estimated by difference. The 

analyses were performed in triplicate. 

2.5. Energy values 

The total calories (kcal) estimated for the meatloaf 

were calculated on the basis of 100 g portions using 

the Atwater values for fat (9 kcal/g), protein (4.02 

kcal/g), and carbohydrate (3.87 kcal/g) [3, 15].  

2.7. Fatty acid profile 

The fatty acids were determined by the gas 

chromatographic method according to [17] and [18]. 

The results were expressed as g fatty acid per 100 g 

of the total fatty acid analyzed. Each sample was 

run in triplicate. 

2.8. Lipid oxidation and total antioxidant capacity 

The lipid oxidation of all samples was assessed in 

triplicate and evaluated by measuring the formation 
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of thiobarbituric acid-reactive substances (TBARs), 

following the method of Serrano et al. [19]. The 

results were expressed as mg malondialdehyde 

(MDA)/kg of meatloaf sample. The total antioxidant 

capacity (TAC) was estimated in terms of radical 

scavenging activity (ABTS•+), according to the 

procedure described by Miller et al. [20], with 

further amendments by Re et al. [21]. The results 

were expressed in µmol Trolox (6-Hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid)/g of sample. 

Each sample was run in triplicate. 

2.9. Texture profile analysis 

The texture profile of the meatloaf samples was 

determined at room temperature (22°C). The 

hardness (N), fracturability (N), cohesiveness 

(dimensionless), springiness (mm), chewiness index 

(N) and gumminess (N) were measured by means of 

the method of Bourne [22], using a CT3 Texture 

Analyzer (Brookfield Viscometer Ltd, Harlow, 

United Kingdom). The samples (block with 10 mm 

length, 10 mm width and 14 mm depth) were 

compressed to 50% of their original height by 

means of a cylindrical probe (TA11/1000) having a 

25.4 mm diameter, a 1000 g load cell, and a cross-

head speed of 2.0 mm/s. Two cycle compressions 

were carried out and the data were collected using 

the TexturePro CT software (Brookfield Viscometer 

Ltd, Harlow, United Kingdom). All analyses were 

performed in duplicate. 

2.10. Sensory evaluation 

The sensory evaluation of the meatloaf samples were 

performed in duplicate by 15 untrained panelists. 

The main criterion for the panelists’ choice was 

“regular consumption of meat products”. A hedonic 

test with a 9-point scale (1 = extreme negative and 9 

=extreme positive) was used for the evaluation. This 

analysis was conducted following the method of 

Akwetey et al. [13]. Each meatloaf sample was 

evaluated using the following descriptors: 

appearance, colour, taste, hardness, springiness, 

cohesiveness, gumminess, chewiness. The meatloaf 

samples were sliced to approximately equal sizes of 

2.0 cm2 and then served to the panelists. 

2.11. Statistical analysis 

The results were expressed by means of ± standard 

error as a result of three separate determinations. 

The one-way analysis of variance (ANOVA) was 

carried out on the experimental results. The 

differences were considered significant at p < 0.05. 

The statistical data processing was performed by 

means of the program STATGRAPHICS Centurion 

XVI Version 16.1.11 (Statistical Graphics, 

Princeton, New Jersey, United States). 
 

Table 1.  Formulation (g) of experimental products. 

 

3. Results and Discussion 

3.1. Proximate composition, energy value and 

cooking loss of meatloaf 

The proximate composition, energy value and 

cooking loss of the meatloaf formulated with 

various vegetable oils (sea buckthorn, walnut and 

sunflower) and walnuts are shown in Table 2. The 

differences in dry matter, fat and ash content of the 

meatloaf were significant when compared to the 

control sample (p < 0.05). The dry matter content 

was higher (45.67 ± 0.002 g/100g) in the sample 

with vegetable oil and walnuts (SWN) than in the 

control sample (40.79 ± 0.004 g/100g), because 

these samples were formulated with added walnuts 

and soy powder milk which had high water 

retention and improved emulsion stability [19, 23]. 

Similar trends were observed by Choi et al. [24] 

when different amounts of vegetable oil and dietary 

fiber were added to meat emulsions. The fat content 

decreased in the samples formulated with vegetable 

oil and walnuts compared to the control meatloaf 

containing animal fat. The fat content was lower in 

the samples formulated with vegetable oil and 

walnuts (replacing pork fat) than in the control 

sample containing animal fat (23.29 ± 0.007 

g/100g). 
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The sample with sunflower oil and walnuts (SSF) 

had the lowest fat content of all the samples (21.38 

± 0.001g/100g). These results are in agreement with 

the findings of Luruena-Martinez et al. [4] who 

reported similar quality characteristics for low-fat 

meat products with locust bean and xanthan gum 

along with the replacement of pork fat by olive oil. 

The addition of walnuts and vegetable oils 

significantly increased the ash level of the meatloaf. 

The ash content ranged from 0.87 ± 0.005 g/100g 

for the control sample (C) to 1.31 ± 0.015 g/100g 

for the meatloaf with walnuts and sunflower oil 

(SSF). Choi et al. [25] obtained significantly 

increased values for the ash content with the 

addition of rice bran fiber to low-fat meat products, 

and Ayo et al. [12] reported that the ash content 

significantly increased with the addition of walnuts 

to low-fat meat products. The protein and 

carbohydrate content in meatloaf samples were not 

significantly different (P > 0.05). SSF had the 

highest protein content (20.75 ± 0.015 g/100g), 

deriving from the added soy powder milk and 

walnuts. Meatloaf had a carbohydrate content 

ranging from 2.09 ± 0.061 g/100g to 2.19 ± 0.021 

g/100g, where the highest carbohydrate content 

(2.19 ± 0.021 g/100g) was found in the sample with 

seabuckthorn oil and walnuts (SSB).  

The differences in the energy values between the 

meatloaves formulated with vegetable oils and 

walnuts were significant (p < 0.05) (Table 2). The 

energy values of the meatloaf containing vegetable 

oil and walnuts ranged from 283.96 ± 0.09 kcal/100 

g (SSF) to 286.43 ± 0.03 kcal/100 g (SWN). The 

control sample (meatloaf made with fresh pork meat 

and pork back fat) shows a decrease of energy value 

than samples with vegetable oils and walnuts. These 

results agree with Álvarez et al. [26] who reported 

that canola-olive oil, rice bran and walnuts has 

influence on the energy values for low-fat meat 

products.The cooking loss is affected by the type of 

fat [24], additives [27], the cooking method and the 

amount of fat in meat products [3]. The higher fat 

products lose less water upon cooking [28] because 

high-fat products contain less water. The effects of 

the replacement of pork back fat by vegetable oils 

and walnuts on the cooking loss of the meatloaf are 

shown in Table 2. The cooking loss was lower in 

the meatloaf formulated with vegetable oils and 

walnuts as compared to the control sample. The 

cooking loss for all the meatloaf samples ranged 

from 9.31% for the SSF sample to 13.14% for the C 

sample. Also, Shand [29] suggested that decreased 

cooking loss is related to an increase in binding 

ability between meat protein, fat, and moisture, and 

Aktas & Genccelep [30] observed that a reduction 

in cooking loss is associated with emulsion stability. 

Choi et al. [24] reported that cooking losses for low-

fat meat emulsion systems were affected by the type 

of vegetable oil and dietary fiber used. 

3.2. Fatty acid composition 

Table 3 shows the fatty acid composition of 

meatloaf containing various vegetable oils and 

walnuts. In all the samples, palmitic acid (16:0), 

stearic acid (18:0), oleic acid (18:1ω9) and linoleic 

acid (18:2ω6) were more abundant than other fatty 

acids.  

 

Table 2. Proximate composition, energy values and cooking loss of meatloaf containing various vegetable oils and 

walnuts 
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Figure 1. Flow chart of main steps for preparing meatloaf 

Table 3. Fatty acid profile of meatloaf 
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Table 4. Effects of various vegetable oils and walnuts on the textural attributes of meatloaf 

 

 

The partial substitution of pork back fat led to 

reducing the content of saturated fatty acids (SFA) 

from 32.68% in the control sample to 17.35-

24.46% in the samples with vegetables oils and 

walnuts. This reduction could be attributed to the 

decrease of cholesterol levels which lowers  the 

blood pressure and thus could prevent heart 

conditions. It is important to notice the high quality 

of the fatty acids added from vegetable oils. Even 

the monounsaturated fatty acids (MUFA) increase 

in the SSF and SSB samples is almost insignificant 

when compared to the control sample; the 

replacement of the fat by vegetable oils aims at 

improving the lipid profile. The amount of MUFA 

(monounsaturated fatty acids) ranged from 26.57% 

to 51.59%, and the SSB sample had the highest 

total MUFA.  

Similar results were obtained by Paneras & 

Bloukas [31] who replaced pork back fat by 

vegetable oils (olive, corn, sunflower or soybean) 

to obtain reduced-fat frankfurters. The highest 

values for PUFA (polyunsaturated fatty acids) 

were obtained for the SWN sample – the meatloaf 

containing walnuts and walnut oil (55.35%). When 

the pork back fat was replaced by vegetable oils 

and walnuts, the PUFA/SFA ratio was higher 

(3.18) in the sample with vegetable oil and walnuts 

(SWN) than in the control sample (0.57). Wood et 

al. [32] suggested that the PUFA/SFA ratio for 

whole diets should be higher than 0.45. 

3.3. Oxidative stability of meatloaf 

The results for the TBARs index (mg MDA/kg of 

sample), summarized in Figure 2, and ranged from 

0.71 to 1.13 mg MDA/kg of the sample. The 

amount of the TBARS was significantly higher in 

the control sample than in the samples with 

vegetable oils and walnuts.  

 

 
Figure 2. Effect of vegetable oils and walnuts on lipid 

oxidation of meatloaf 

C – Control meatloaf, SSF – meatloaf with walnuts and 

sunflower oil, SSB – meatloaf with walnuts and sea 

buckthorn oil, SWN – meatloaf with walnuts and walnut 

oil 

The vegetable oils and walnuts used in the present 

study as replacers of animal back-fat enhanced the 

oxidative stability of meatloaves. All samples with 

vegetable oils and walnuts had TBARS values 

within acceptable limits (< 1.0). These results agree 

with Yildiz-Turp & Serdaroglu [33], who reported 

similar quality characteristics for sucuk – a 

fermented Turkish sausage with beef fat 

replacement by hazelnut oil. The TBARs value was 

the lowest (0.71 mg MDA/kg of the sample) in the 

samples formulated with sunflower oil and walnuts 

(SSF). Some researchers [34, 35] demonstrated that 

replacing beef fat by olive oil and hazelnut oil 

improved the quality characteristics of fermented 

sausage. 

3.4. Antioxidant activity of meatloaf 

The total antioxidant capacity (TAC) of the 

meatloaf samples is shown in Figure 3 and 

expressed in μmols of Trolox per g of meatloaf 

sample. The high antioxidant activity of the 

meatloaf could be attributed to the antioxidant 

compounds available in vegetable oils and walnuts 
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(phenolic compounds, vitamins, phytosterols). For 

the total ABTS•+ scavenging capacity of the 

meatloaf samples the minimum values (16.83 ± 0.52 

μM Trolox/g) were observed for the control sample 

(C), and the maximum values (23.51 ± 0.18 μM 

Trolox/g) for the sample containing sea buckthorn 

oil and walnuts (SSB). 

 
Figure 3. Total antioxidant capacity of meatloaf 

determined using ABTS as antioxidant probe 

C – Control meatloaf, SSF – meatloaf with walnuts and 

sunflower oil, SSB – meatloaf with walnuts and sea 

buckthorn oil, SWN – meatloaf with walnuts and walnut 

oil 

The incorporation of vegetable oils and walnuts into 

meat products may improve the shelf life of the 

products due to their antioxidant properties. 

Luruena-Martinez et al. [4] suggested that the 

partial substitution of pork fat by olive oil led to an 

increase of the total antioxidant capacity in meat 

products. Comparing the ABTS•+ results of the 

meatloaf samples, the total antioxidant capacity of 

the samples with vegetable oils and walnuts 

increased by approximately 1.2 – 1.4% as compared 

to the control sample. Different components 

(phenolic compounds, vitamins, phytosterols) from 

vegetable oils and walnuts are responsible for this 

total antioxidant capacity. 

3.5. Texture profile analysis 

Table 4 shows the texture characteristics for the 

samples of reformulated meatloaf under study. The 

hardness and fracturability were higher for all the 

samples with vegetable oils and walnuts as 

compared to the control sample (p < 0.05). 

Springiness was the highest for the control sample 

(C) and the lowest for all the samples with 

vegetable oils and walnuts. The values of 

springiness for these samples ranged from 2.58 ± 

0.11 mm for the SWN sample to 2.83 ± 0.15 mm for 

the meatloaf with walnuts and sunflower oil (SSF).  

 

The cohesiveness of the samples with vegetable oils 

and walnuts was higher (0.38 ± 0.02 for the SWN 

sample) than the control sample (0.25 ± 0.05). 

Similar results were reported by Luruena-Martinez 

et al. [4] for low-fat frankfurters with olive oil and 

locust bean/xanthan and Choi et al. [3] for reduced-

fat meat systems with grape seed oil and rice bran 

fibre. The values of the gumminess and chewiness 

index for the control sample were lower, increasing 

for the samples with vegetable oils and walnuts. The 

mean values for gumminess ranged from 0.72 ± 

0.14 N (C) to 1.81 ± 0.04 N (SSF), and the 

chewiness index ranged from 0.69 ± 0.09 N (C) to 

1.79 ± 0.05 N (SWN). The increase of the 

gumminess and chewiness index can be accounted 

for by the adding of soy powder milk and, which 

constitute external sources of protein. This agrees 

with Claus et al. [36] and Gregg et al. [37] which 

analyzed the effect of reducing the fat content on 

the texture of meat based emulsion products. 

3.6. Sensory evaluation 

Figure 4 shows the results of sensory evaluation of 

meatloaves. Each meatloaf sample was evaluated in 

terms of appearance, colour, taste, hardness, 

springiness, cohesiveness, gumminess and 

chewiness. The control sample has the lowest scores 

for taste and appearance. The mean scores for taste 

ranged from 6.15 (C) to 8.82 (SWN) and the 

appearance scores ranged from 5.72 (C) to 8.81 

(SWN). Similar results were obtained by Muguerza 

et al. [38] and Choi et al. [3] for the effects of 

replacing pork back fat by vegetable oils. The 

sample with sea buckthorn oil and walnuts (SSB) 

obtained the highest colour scores. These results 

may be due to the presence of sea buckthorn oil 

whose colour is orange.  

 
Figure 4. Sensory properties of meatloaf sample 

C - Control meatloaf, SSF - meatloaf with walnuts and 

sunflower oil, SSB - meatloaf with walnuts and sea 

buckthorn oil, SWN - meatloaf with walnuts and walnut 

oil 
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The hardness, cohesiveness, gumminess and 

chewiness index were higher (p < 0.05) for all the 

samples with vegetable oils and walnuts as 

compared to the control sample. The scores of these 

parameters obtained by sensorial analysis were 

similar to the values determined by texture profile 

analysis. Some researchers [31, 39] demonstrated 

that replacing the pork back fat by vegetable oils 

(olive, corn, sunflower or soybean) can influence 

the textural properties of low-fat frankfurters.  

4. Conclusion 

Commercially available vegetable oils, such as 

sunflower, walnut and sea buckthorn oils, and 

walnuts were used as substitutes for pork back fat in 

the production of meatloaf. Sea buckthorn oil and 

walnut oil added to the meatloaf are a good source 

of antioxidants, while sunflower oil was chosen 

because it contains a high amount of 

polyunsaturated fatty acids. The use of vegetable 

oils and walnuts decreases the lipid oxidation in 

meatloaf samples. The addition of various vegetable 

oils and walnuts may contribute to the development 

of a type of meatloaf with desirable quality 

characteristics.  

Compliance with Ethics Requirements. Authors 
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requirements. Authors declare that they have no conflict 
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