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Abstract 

The study investigated the effect of plant extracts (garlic, African walnut seed, avocado seed) used as marinade on 

physicochemical, proximate and sensory properties of meat balls made from Bicep femoris muscle of matured bull. The 

extracts were incorporated into ingredients used for marination to constitute four treatments viz treatment 1(control, no extract 

was added), treatment 2 (50% garlic extract), treatment 3 (50% African walnut seed extract) and treatment 4 (50% avocado 

seed extract). Minced meat was introduced into the treatments in a Completely Randomized Design. Raw meat balls were 

analyzed prior to cooking (pan fry and oven cook). The result showed that the pH, chilling loss, cooking loss and cooking 

yield of meat balls differ significantly (p<0.05) among treatments. The results of the proximate composition for the raw and 

cooked were significantly influenced (p<0.05) by the treatments. The sensory evaluation showed that the oven cooked meat 

balls of treatment 2 were generally preferred over other method of cooking. The study showed that garlic, African walnut seed, 

avocado seed extracts enhanced the qualities, nutritional and sensorial properties of meat ball. 
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Introduction 

The consumption of a healthy red meat remains a major 

factor to be considered in meat production. Animal protein 

being very crucial in the daily diets accounts for reason 

meat products should be safe for consumption. The 

consumers’ demand for nutritionally improved, low-cost 

and as ready to eat meat products, must be meet for the 

benefits of the consumers (Gurikar et al., 2014) [1]. Globally, 

non meat ingredients of low cost had been used to improve 

yield and consumers’ acceptability (Arun et al., 2008) [2]. 

Meatball is meat- based muscle food; it is an easy to prepare 

meat product which can be gotten from various animal 

species (Putra et al., 2011; Evive et al., 2015) [3,4]. 

Marination is a popular technique used to tenderize and 

improve the quality characteristics of meat products (Popat 

et al., 2018) [5]. It is imperative to incorporate substances 

that will contribute to better quality of meat products which 

are suitable for the consumers’ health as well as sustained 

the nutritive values. Antioxidants are substances that occur 

naturally in plants, known to inhibit formation of free 

radicals in foods, help to prolong shelf life, maintain quality 

in food products, protecting consumers’ health and 

preventing diseases (Pokorny, 2001) [6]. Several plant 

extracts had been investigated but non has been reported on 

the use of African walnut seed and avocado (pear) seed as 

natural ingredients in the preparation of muscle food 

products. Therefore the study was designed to investigate 

the impact of garlic, African walnut seed, avocado seed 

extracts used as marinade ingredients on physicochemical, 

proximate and sensory properties of meat balls made from 

Bicep femoris muscle of a matured bull. 

 

Materials and methods 

Plant extract preparation 

Raw garlic cloves and African walnut were chopped into 

small sizes, sun dried up to 9% moisture content and milled 

to powder using hammer mill machine. Avocado seeds were 

grated, air dried and milled into powder. All milled plant 

products were kept in a sealed container to prevent moisture 

absorption. The plant extraction was done by cold aqueous 

method of Abah and Egwari (2011) [7]. 

 

Sample Preparation 

Eight kilogram (8Kg) of Bicep femoris muscle of a-two year 

old bull was purchased from the municipal abattoir in Ado, 

Ekiti State. The meat was trimmed of all adhering fats and 

excess connective tissues, chopped, minced using a mixer 

grinder (USHA, MG 2053N). Minced meat was divided into 

sixteen portions of equal weight of 500g and randomly 

allocated to the constituted ingredients (Table 1). Meat 

samples were manually massaged by hand to allow even 

distribution of ingredients. These were then rolled into 

circular ball shape of 50g. Samples were placed in labeled 

flat trays, covered with aluminum foil and kept at 4ºC for 24 

hours. Samples were analyzed for the pH, dripping and 

chilling loss determined. Meat samples were cooked by two 

methods viz oven cook and pan fry until an internal 

temperature of 70 °C was reached. The meat ball samples 

were oven cooked at 155ºC for 50 minutes while meat balls 

were pan fried in unsaturated oil at 85ºC for 30 minutes. 

 
Table 1: Ingredients composition (g/100g) 3 

 

Ingredients Treatment 1 Treatment 2 Treatment 3 Treatment 4 

Brown sugar 15.00 12.0 12.0 12.0 

Dry red pepper 10.00 6.0 6.0 6.0 

White pepper 10.00 6.0 6.0 6.0 

Bread crumbs 20.00 6.0 6.0 6.0 
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Powdered thyme 10.00 6.0 6.0 6.0 

Curry 10.00 6.0 6.0 6.0 

Rosemary 10.00 6.0 6.0 6.0 

Common Salt 2.00 2.00 2.00 2.00 

Orange juice(ml) 25 - - - 

Vinegar (ml) 0.0 - - - 

Onion 10.00    

Garlic extract - 50.00 - - 

African walnut extracts - - 50.00 - 

Avocado seed extract - - - 50.00 

Total 100 100 100 100 

 

Proximate analysis 

The AOAC method (AOAC, 2005) [8] was used to determine 

the proximate content of the meatballs: The moisture 

content was determined by drying the samples overnight at 

105ºC, the crude protein content was determined using the 

Kjeldahl method, the Soxhlet method was used to determine 

fat content and ash content was determined by using blast 

furnace to ash the samples overnight at 550ºC.  
 

PH 

Meat ball samples were homogenized with distilled water at 

a ratio of 1:5 (w/v) and the pH value was measured using a 

digital pH meter.  
 

Cooking loss 

Cooking loss was evaluated by the method of Komoltri and 

Pakdeechanuan (2012) [9]. The raw meat balls samples were 

weighed, and cooked to an internal temperature of 70 °C. 

The oven cooked meat balls were allowed to cool to room 

temperature, while pan fried meats were drained and dried 

with paper towels and weighed.  

Cooking loss was calculated as % cooking loss = [(W1-

W2)/W1] x100  

Where W1 = weight before cooking, and W2 = weight after 

cooking.  
 

Cooking yield 

Cooking yield was evaluated by method of Komoltri and 

Pakdeechanuan (2012) [9] as: 

% cooking yield = (W4/W3) x100 where W3 = initial weight 

of meat ball and W4 = final weight of meat balls. 
 

Sensory evaluation 

The sensory attributes were accessed for aroma, tenderness, 

juiciness, texture and overall acceptance. Sensory evaluation 

of cooked meatballs was performed by twelve-member 

panelists who were served warm meatballs using nine 

hedonic scales (Omojola, 2008) [10].  
 

Experimental design and statistical analysis 

4 x 2 factorial arrangements in a Completely Randomized 

Design were used for the study. All data were obtained in 

triplicates and analyzed using ANOVA and mean difference 

were separated using the Tukey test at a confidence level of 

5% of Minitab software v16 (Minitab, 2007) [11]. 
 

Results and discussion 

The result of the quality of meat balls treated with different 

plant extracts is shown on Table 2. The pH value of raw 

meat balls was significantly higher (p<0.05) in treatment 3 

(50% African walnut seed extracts than other treatments and 

control. The pH of meat ball samples were within the 

normal value for meat, an evidence that the muscle 

undergone complete rigour mortis during conversion to 

meat after slaughter (Ekiz et al., 2012) [12] which also 

accounts for meat quality attributes such as water binding 

capacity and texture (Shirimaa and Mteng, 2012) [13]. 

Chilling loss varied between 7.97 and 10.28% in samples. 

This low chilling loss indicates that the meat balls have 

ability to retain water and no shrinking of muscular structure 

which may let loose of moisture during chilling (Beshir and 

Babiker, 2009) [14]. Cook yield expresses loss of meat mass 

during cooking (Gustavson et al., 2011) [15]. The highest 

cook yield values were recorded in treatment 2 (50% garlic 

extract) of both oven-cooked and pan fried meat ball 

samples which indicates that the plant extracts probably 

contains substances that could keep meat mass intact during 

cooking. Treatment 2 (50% garlic extracts) had the least 

cooking loss values of 31.67% and 31.33% in oven- cooked 

and pan-fried meat respectively. The exposure of treated 

meat balls to thermal processing may results into 

denaturation of myofibrillar protein in cooked samples, this 

leads to loss of moisture and meat constituents (Toohey and 

Hopkins, 2006) [16].  

Table 3 shows the results of the proximate composition of 

meat ball samples treated with plant extracts. The proximate 

composition of the raw meat ball showed that the moisture 

content was significantly higher (p<0.05) in treatment 3. 

This high moisture content accounts for meat qualities such 

as appearance, tenderness and texture. The highest value of 

crude protein was observed in treatment 2 samples, ash 

content ranged from 2.81% (treatment 3) and 4.00% 

(treatment 2); the lowest fat content was found in treatment 

2 (50% garlic extracts).  

The proximate composition of oven-cooked meat ball 

samples revealed that the least moisture content was 

obtained in treatment 2 (8.6%) while the highest value of 

14.51% recorded in control samples. Generally, moisture 

contents of oven-cooked samples were extremely lower than 

pan-fried samples this makes the product more shelf-stable. 

The crude protein of treatment 2 was significantly (p<0.05) 

higher than other treatments and control. Ash content ranged 

from 2.39% (treatment 1) to 3.61% (treatment 2). The 

lowest fat content value of 0.87% was recorded in treatment 

2 samples while treatment 4 (50% avocado seed extract) had 

the highest value of 1.26%.  

The proximate composition of pan-fried meat ball samples 

show that moisture content values varied between 50.2% 

(treatment 2) and 52.64% (treatment 1); crude protein was 

significantly lower (p<0.05) in control than the treated 

samples; Highest ash content was observed in treatment 4 

and lowest fat content was recorded in treatment 2.  

The plant extracts (garlic, African walnut and avocado) may 

contain fat degradation substances and these substances may 

be more in garlic extracts as lowest fat content was recorded 

in samples treated with garlic extract (Konjufca et al., 1997) 
[17], also the plant extract added to the increment in the 
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nutritional value such as crude protein and ash (minerals) 

contents as recorded in raw and cooked meat balls in this 

study (Sacks et al., 2006) [18]. 

The result of sensory evaluation of cooked meat balls shown 

in Table 4 revealed that aroma and tenderness were 

significantly influenced (p<0.05) in treatment 2 than other 

treatments in both oven-cooked and pan-fried samples, 

treatments 2 and 3 samples were similar for juiciness in both 

oven-cooked and pan fried samples respectively. Tenderness 

of control sample was significantly high in oven-cooked 

samples while treatment 2 (50% garlic extract) had the 

highest score for texture in pan fried samples. Treatment 2 

of oven-cooked was most accepted as shown by highest 

score for overall acceptability while treatment 1(control) 

sample had overall best for pan-fried samples. Garlic extract 

influenced better aroma of meat ball samples irrespective of 

methods used for the processing. It shows that garlic extract 

may contain allicin and organosulphur compounds (Chang 

and Cheong, 2008)[19] more than other extracts. The rating 

for tenderness was high (moderately liked) in both oven and 

pan fried products but garlic extract had better rating than 

African walnut and avocado extracts, an indication that 

bioactive substances in the plant extracts may have reacted 

with moisture, fat and other muscle constituents which 

facilitate succulence during mastication and chewing of 

meat (Omojola et al., 2003)[20].  

Juiciness rating were similar in both oven cooked and pan 

fried methods of cooking across the treatment groups. 

Treatments 1 and 2 were rated moderately dry while 

treatments 3 and 4 were rated very dry which shows that 

methods of cooking may have resulted in the dryness of 

products observed in this study as these methods did not 

support water retention due to increase in temperature that 

enhanced loss of moisture (Cross et al., 1986; Aberle et al. 

2001) [21, 22]. Texture which depends on tenderness and 

juiciness plays a vital role in organoleptic determination of 

meat products. Texture was rated to be slightly coarse in 

treatments 1 and 2, moderately coarse in treatments 3 and 4 

of oven-cooked while pan fried were intermediately fine. 

The overall acceptability showed that the consumers 

preferred garlic treated oven cooked meatball to African 

walnut and avocado treated pan fried meatballs. 
 

Table 2: Meat qualities of raw and cooked meatballs treated with different herbal extracts 
 

parameter 
Treatment1 

(control) 

Treatment 2 

50% garlic extract 

Treatment 3 

50% African walnut extract 

Treatment 4 

50% avocado seed extract 
p-value 

pH@ 24h raw meat ball 5.57±0.15 b 5.50±0.10c 5.70±0.06 a 5.50±0.10c 0.77 

Chilling loss raw meatball 10.28±1.61 a 7.83±0.58c 7.97±0.06c 8.83±0.29b 0.03 

Cook yield oven cooked meatball 63.33±2.89b 65.00±5.00 a 61.67±5.69c 61.67±1.533c 0.73 

Cook yield pan-fried meatballs 69.00±1.00 a 68.67±0.58 a 64.00±1.00c 63.33±2.89d 0.004 

Cook loss oven-dried meatballs 36.67±2.89b 31.67±5.77d 38.33±5.69 a 36.33±4.04c 0.41 

Cook loss pan-fried meatballs 31.00±1.00c 31.33±0.58c 35.33±0.58b 36.67±2.89 a 0.01 

*Means with different small letters among rows are significantly different (p<0.05). 
 

Table 3: Proximate composition raw and cooked meatballs (%) 
 

Proximate 

composition 

Methods of 

cooking 

Treatment 1 (control 

no extracts) 

Treatment 2 (50% 

garlic extracts) 

Treatment 3 (50% African 

walnut seed extracts) 

Treatment 4 (50% 

Avocado seed extracts) 

Moisture Raw meatball 76.00±2.85b 73.49±0.84d 77.54±1.40a 75.38±1.81c 

 Oven-cooked 14.51±3.76a 8.63±1.52d 10.50±1.32b 9.17±1.16c 

 Pan-fried 52.64±2.68 a 50.21±0.30d 51.37±1.01b 50.85±2.02c 

Protein Raw meatball 15.42±1.01a 21.20±0.26b 18.07±0.75c 18.27±0.03c 

 Oven-cooked 43.33±1.53d 46.17±1.61a 44.67±4.20b 44.50±3.50c 

 Pan-fried 28.45±0.44d 32.55±3.51a 31.14±4.94b 29.46±5.53c 

Ash Raw meatball 3.00±1.00c 4.00±1.00 a 2.18±0.74d 3.63±0.15b 

 Oven-cooked 2.39±0.53d 3.61±0.09a 2.88±0.16b 2.99±0.32c 

 Pan-fried 1.83±0.01d 2.33±0.29b 2.30±0.06c 2.48±0.06 a 

fat Raw meatball 5.02±0.98 a 1.72±0.15d 2.21±0.01c 3.63±0.15b 

 Oven-cooked 1.81±0.06a 0.87±0.59c 1.23±0.04b 1.26±0.05b 

 Pan-fried 1.69±0.06c 1.62±0.04d 1.73±0.03b 1.87±0.12 a 

*Means with different small letters among rows are significantly different (p<0.05). 
 

Table 4: organoleptic properties of cooked meat balls 
 

Sensory properties 
Methods of 

cooking 

Treatment 1 

(control no 

extracts) 

Treatment 2 (50% 

garlic extracts) 

Treatment 3 (50% African 

walnut seed extracts) 

Treatment 4 (50% 

avocado seed extracts) 

Aroma Oven-cooked 6.67±0.82b 7.17±1.72a 6.50±1.87c 6.67±1.03b 

 Pan-fried 6.17±0.75b 6.83±0.75a 6.17±0.75b 5.67±1.21c 

Tenderness Oven-cooked 6.17±1.17c 7.00±0.63a 6.50±1.38b 5.83±1.33d 

 Pan-fried 6.33±0.52d 7.50±1.05a 6.67±0.52b 6.50±0.55c 

Juiciness Oven-cooked 4.33±0.82a 4.33±1.21a 3.83±1.17b 3.83±0.75b 

 Pan-fried 4.33±0.82a 4.33±1.21a 3.83±1.17b 3.83±0.75b 

Texture Oven-cooked 4.17±0.41a 4.00±0.89b 3.67±0.82c 3.50±1.05d 

 Pan-fried 5.00±0.63c 5.33±1.03a 5.17±0.75b 5.00±0.63c 

Overall acceptability Oven-cooked 6.33±0.52b 6.67±1.21a 5.83±1.47d 6.00±0.63c 

 Pan-fried 6.33±0.52a 6.17±0.75b 5.67±0.82d 6.00±0.00c 

*Means with different small letters among rows are significantly different (p<0.05). 
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Conclusion 

The study concluded that extracts of garlic, African walnut 

and avocado used as marinade in meat ball preparations 

enhanced better qualities such as reduction of chilling loss, 

cooking loss increase of cooking yield, nutritional value and 

good sensorial properties.  

 

References 

1. Gurikar AM, Lakshmanan V, Gadekar YP, Sharma BD, 

Anjaneyulu ASR. Effect of meat chunk size, massaging 

time and cooking time on quality of restructured pork 

blocks. J Food Sci Technol. 2014; 51:1363–1369. 

2. Arun KD, Anne SRA, Arun KV, Napa K. Physioco-

chemical, textural, sensory characteristics and storage 

quality of goat meat patties extended with full fat soy 

paste and soy granules. International Journal of Food 

Science and Technology. 2008, 43:383-392. 

3. Putra AA, Huda N, Ahmad R. Changes During the 

Processing of Duck Meatballs Using Different Fillers 

after the Preheating and Heating Process, International 

Journal of Poultry Science. 2011; 10(1):62-70. 

4. Evivie SE, Ebabhamiegbebho PA, Imaren JO, Igene 

JO. Evaluating the Organoleptic Properties of Soy 

Meatballs (BEEF) with varying Levels of Moringa 

oleifera Leaves Powder, J. Appl. Sci. Environ. Manage. 

2015; 19(4)649–656. 

5. Popat DS, Raj Manohar G, Ramamurthy N, 

Narendrababu R, Dinani OP, Mir NA, et al. Effect of 

Vacuum tumbling on Cooking Yield and Physical 

Property of Tandoori Chicken, International Journal of 

Science, Environment and Technology. 2018, 7(1):169–

177. 

6. Pokorny J. Introduction. Antioxidants in food: practical 

applications. Boca Raton: CRC Press, 2001. 

7. Abah SE, Egwari LO. Methods of Extraction and 

Antimicrobial Susceptibility Testing of Plant Extracts, 

African Journal of Basic and Applied Sciences. 2011; 

3(5):205-209. 

8. AOAC. Official Method of Analysis. 14thEd. 

Association of Official Analytical Chemist, 

Washington. DC, 2005. 

9. Komoltri P, Pakdeechanuan P. Effects of marinating 

ingredients on physicochemical, microstructural and 

sensory properties of golek chicken, International Food 

Research Journal. 2012; 19(4):1449-1455. 

10. Omojola AB. Yield and organoleptic characteristics of 

Suya (an intermediate moisture meat) prepared from 

three different muscles of a matured bull. Afr. J. of 

Biotechnol. 2008; 7(13):2254-2257. 

11. Minitab. Minitab version 16.1. Minitab Inc., State 

College, P. A, USA, 2007. 

12. Ekiz B, Ekiz EE, Kocak O, Yalcintan H, Yilmaz A. 

Effect of pre-slaughter management regarding 

transportation and time in lairage on certain stress 

parameters, carcass and meat quality characteristics in 

Kivircik lambs. Meat Sci. 2012, 90:967-976. 

https://doi.org/10.1016/j.meatsci.2011.11.042 

13. Shirimaa EJM, Mtenga LA. Comparative analysis of 

retail cuts, muscle physico-chemical properties and 

meat tenderness of indigenous castrate sheep finished 

off under feedlot conditions RJSITM. 2012; 01(12):65-

73.  

14. Beshir AA, Babiker SA. The effect of substitution of 

groundnut cake by water melon seed cake (Citrullus 

lanatus) in ration for lamb fattening in Sudan. Res J 

Agric and Biol Sci. 2009; 5:1130–1142. 

15. Gustavson J, Cederberg C, Sonesson U, van Otterdijk 

R, Meybeck A. Global Food Losses and Food Waste. 

Food and Agriculture Organization of the United 

Nations, Rome, 2011. 

16. Toohey ES, Hopkins DL. Eating quality of 

commercially processed hot boned sheep meat. Meat 

Science. 2006; 72:660-665. 

17. Konjufca VH, Pesti GM, Bakalli RI. Modulation of 

cholesterol levels in broiler meat by dietary garlic and 

copper. Poultry Science. 1997; 76:1264-1271.  

18. Sacks, Lichtenstein A, Van Horn L, Harris W, 

KrisEtherton P, Winston M. “Soy Protein Isoflavones 

and Cardiovascular Health”. American Heart 

Association Nutrition Committee, 2006. 

19. Chang KJ, Cheong SH. Volatile organosulphur and 

nutrient compounds from garlic by cultivating areas and 

processing methods. Fed. Am. Soc. Exp. Bio. J. 2008; 

22:1108-1112. 

20. Omojola AB, Isah OA, Adewumi MK, Ogunsola OO, 

Attah S. Evaluation of the effects of various additives 

on the acceptability of Kilishi. Trop. J. Anim. Sci. 

2003; (2):97-10. 

21. Cross HR, Durland PD, Seideman SC. Sensory qualities 

of meat. In: Muscle as Food, Bechtel, P. (ed.). 

Academic Press, Orlando, Florida, 1986, 286. 

22. Aberle ED, Forrest JC, Gerrard DE, Mills EW. 

Principles of meat science.4th ed. Kendall/Hunt 

Publishing Co. Dubuque, IA, 2001, 160. 


