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Abstract - Numerous studies report poultry 

meat tenderness results but the cooking 

methods are different (e.g. water bath, grill, 

oven). Quality assessment results of cooked 

meat can be significantly affected by sample 

preparation with different cooking 

techniques. The aim of this study was to 

investigate the effect of boiling water bath or 

grill on Warner-Bratzler shear force 

determination in poultry meat. Cooking loss, 

Warner-Bratzler shear force, pH, moisture, 

lipids and protein content were determined. 

According to our results, poultry meat 

tenderness was higher in samples cooked in 

grill than boiling water bath. Cooking loss, 

moisture and lipid content did not change.  

 

I. INTRODUCTION  

 
Meat tenderness evaluation is important to 

consumer appraisal. Numerous studies 

report tenderness results but cooking 

methods were different (e.g. water bath, 

grill, oven). Quality assessment results of 

cooked meat can be significantly affected 

by sample preparation with different 

cooking techniques (1). During heat 

treatment, meat hardness occurs due to 

myofibrillar proteins denaturation (40-

50ºC), collagen contraction (60-70ºC) and 

actomyosin contraction and dehydration 

(70-90ºC) (2). 

To obtain accurate and repeatable Warner-

Bratzler shear force data it is necessary to 

be care with regard to various factors such 

as cooking methodology or core removal 

(3). There are several cooking systems 

proposed for Warner-Bratzler shear force 

determination. The American Meat Science 

Association (4) recommends two cooking 

procedures: roasting (oven) and broiling 

(open air broiler) to an internal temperature 

of 71ºC. Honikel (5) suggests cooking in a 

water bath (55, 65, 80 or 95ºC) for 

tenderness measurement.  Moreover, whole 

poultry carcasses are usually roasted and 

excised meat is grilled (6).  

The aim of this study was to investigate the 

effect of cooking system (boiling water bath 

or grill) on Warner-Bratzler shear force 

determination in pectoralis major poultry 

muscle. 

 

II. MATERIALS AND METHODS  

 

Pectoralis major muscle from poultry was 

collected at 24 h post-mortem from a 

commercial abattoir. Each breast was 

divided in 2 fillets (average weight: 213.7 ± 

34.9 g; n: 32) and randomly assigned to 

each cooking method. Cooking procedures 

used were boiling water bath (each sample 

inside a hermetic plastic bag) and grill 

(Gorge Foreman, two cooking surfaces) at 

170 ± 10ºC. The procedure was carried out 

until an internal temperature of 71°C was 

reached. When the end-point temperature 

had been attained, samples were removed 

and cooled in ice slurry. Time-temperature 

profile was recorded individually with a 

thermocouple inserted into the meat 

geometric centre (Yokogawa DX106-1-2).  

Warner-Bratzler shear force (N) was 

determined using a texture analyzer (Stable 

Micro Systems TXT, UK) with a Warner-

Bratzler cell. Four 1.27 cm round cores 

were obtained parallel to the muscle fiber 

(4). Cooking loss was calculated as the 

difference in samples weight before and 

after cooking, expressed as a percentage of 

the initial sample weight. Moisture, fat and 

protein were analyzed by AOAC (7). pH 

was measured with a pH-meter with 

puncture electrode. 

A complete randomized block design was 

carried out. Analysis of variance with a 

significant level of 0.05 was performed 

using Statgraphics Centurion XV (StatPoint 

Tech, Inc., Warrenton, VA, USA). 

 

mailto:perlof@fcal.uner.edu.ar


 

60th International Congress of Meat Science and Technology, 17-22rd August 2014, Punta Del Este, Uruguay 

III.  RESULTS AND DISCUSSION  

 

Raw muscle pH was 5.74 ± 0.17, moisture 

content: 75.26 ± 0.64%, lipid content: 2.87 

± 1.29% and protein content: 92.62 ± 

2.26% (both on dry basis). These results are 

consistent with the data reported by Qiao et 

al. (8) and Pearson et al. (9), in poultry 

breast fillet. Values obtained after cooking 

are reported in Table 1. Shear force values 

were lower in grill than water bath 

treatment. This is consistent with the 

findings of Lyon & Lyon (10) in breast 

muscle cooked in water bath or belt grill 

oven. Likewise, beef (longissimus dorsi) 

cooked on iron grill pan resulted in lower 

shear force than water bath (11). Time-

temperature profile for poultry meat heating 

is shown in Fig. 1. According to Ghita et al. 

(12) the best cooking conditions for chicken 

breast meat were found to be short cooking 

times and lower temperatures that led to a 

tender meat. In beef, Lawrence et al. (13) 

found that methods that used a shorter 

processing time resulted in a smaller 

number of myofibrillar protein and collagen 

per unit area to be sheared when  comparing 

different cooking systems (oven, electric 

grill and belt grill). In the present study, the 

method with lower processing time (grill: 8 

min vs water bath: 21 min) showed higher 

meat tenderness. After the heat treatment, 

no significant differences in cooking loss 

between cooking systems were found. 

 
Table 1. Shear values (WB), cooking loss, 

moisture, lipids and protein content (dry basis) 

of pectoralis poultry meat cooked in water bath 

or grilled.  

 

Water bath Grill 

WB (N) 16.1±3.8a 13.0±2.6b 

Cook. loss (%) 14.7±1.7a 16.4±2.9a 

Moisture (%) 71.19±0.52a 70.66±0.70a 

Lipids (%)  5.09±1.43a 5.04±1.58a 

Protein (%)  90.15±2.00a 86.54±1.52b 

a, b means within rows with different letters are 

significantly different (P<0.05). 

. 
 

 

 
 
Figure 1. Time-temperature profile in pectoralis 

poultry meat cooked in water bath or grilled. 

 

 

The raw meat showed higher moisture 

content than the cooked samples. Cooking 

produces an increase in palatability, 

digestibility and food security, and induces 

moisture reduction in meat (14, 15). No 

statistical differences were found in 

moisture and lipid content between 

treatments. Protein content was lower in 

grill than water bath, this is probably related 

with the slightly higher cooking loss 

(although no significant), observed in this 

treatment. In fish, comparing different 

cooking methods (baked, broiled, fried and 

microwave at 71°C internal temperature) it 

was found that the treatment with higher 

cooking loss had the lowest protein content 

(16). 

 

IV. CONCLUSION 

 

Grill cooked poultry meat showed lower 

shear force values and processing time than 

boiling water bath. Cooking loss, moisture 

and lipid content did not change due to the 

cooking system. 

  

ACKNOWLEDGEMENTS 
 

The authors wish to acknowledge Ms Alicia 

Noceti for her assistance.  

 

REFERENCES 

 
1- Zhuang, H. & Savage, E. (2008). Validation 

of a combi oven cooking method for preparation 

0

10

20

30

40

50

60

70

80

0 2 4 6 8 10 12 14 16 18 20 22

T
E

M
P

E
R

A
T

U
R

E
 (

ºC
) 

TIME (min) 

WATER BATH

GRILL



 

60th International Congress of Meat Science and Technology, 17-22rd August 2014, Punta Del Este, Uruguay 

of chicken breast meat for quality assessment. 

Journal of Food Science 73:424–430. 

 

2- Palka, K. & Daun H. (1999). Changes in 

texture, cooking losses, and myofibrillar 

structure of bovine M. semitendinosus during 

heating. Meat Science 51:237-243. 

 

3- Wheeler, T.L., Shackelford, S.D. & 

Koohmarie, M. (1996). Sampling, cooking and 

coring effects on Warner-Bratzler shear values 

in beef. Journal of Animal Science 74:1553-

1562. 

 

4- AMSA (1995). Research guidelines for 

cookery, sensory evaluation, and instrumental 

tenderness measurements of fresh meat. 

Chicago: American Meat Science Association. 

 

5- Honikel, K.O. (1998). Reference methods for 

the assessment of physical characteristics of 

meat. Meat Science 49:447-457. 

 

6- Mead, C. (2004). Poultry meat processing 

and quality. Cambridge: Woodhead Publishing 

Limited. 

 

7- AOAC (2005). Official methods of analysis. 

Arlington: Association of Official Analytical 

Chemists. 

 

8- Qiao, M.; Fletcher, D.L.; Northcutt, J.K. & 

Smith, D.P. (2002). The relationship between 

raw broiler breast meat color and composition. 

Poultry Science 81:422-427. 

 

9- Pearson, A.M.; Thayne, R. & Dutson, T.R. 

(1997). Production and processing of healthy 

meat, poultry and fish products. Advances in 

meat research series v 11. Ed: A.M. Pearson & 

T.R. Dutson. London: Blackie Academic and 

Professional. 

 

10- Lyon, B. & Lyon, C. (1993). Effects of 

water-cooking in heat-sealed bags versus 

conveyor-belt grilling on yield, moisture, and 

texture of broiler breast meat. Poultry Science 

72(11):2157-2165. 

 

11- Teira, G., Fabre, R., Perlo, F., Bonato, P., 

Tisocco, O., Román, T. & Martínez-Monzó, J. 

(2008). Efecto del sistema de cocción sobre la 

medida de terneza instrumental en diferentes 

músculos bovinos. In Proceedings 31º Congreso 

Argentino de Producción Animal (v.28, s1, 

p.200-201), 15-17/10/08, San Luis, Argentina. 

 

12- Ghita, M., Stanescu, V., Tudor, L., Ilie, L., 

Gonciarov, M. & Popa, R. (2010). Research 

concerning the influence of processing 

temperatures for tenderness of chicken meat. 

Lucrari Tiinlifice Medicina Veterinara Vol. 

XLIII. 

 

13- Lawrance, T.E., King, D.A., Obuz, E., 

Yancey, E.J. & Dikeman, M.E. (2001). 

Evaluation of  electric belt grill, forced-air 

convection oven, and electric broiler cookery 

methods for beef tenderness research. Meat 

Science 58:239-246. 

 

14- Thompson, L.D. (2010). Nutritive value of 

poultry meat. In: poultry meat processing 2
nd

 ed. 

Owens, C., Alvarado, C. & Sams, A. Ed. Boca 

Raton: CRC Press. 

 

15- Rosa, F.C, Bressan, M.C., Bertechini, A.G., 

Fassani, E.J., Oliveira e Vieira, J., Faria, P. & 

Savian, T. (2006). Effect of cooking methods on 

carcass chemical composition and cholesterol of 

poultry breast and thight meat. Ciência e 

Agrotecnologia 30 (4): 707-714. 

 

16- Gall, K.L., Otwell, W., Koburger, J.A.  & 

Appledorf, H. (1983). Effects of four cooking 

methods on the proximate, mineral 

and fatty acid composition of fish fillets. Journal 

of Food Science 48:1068-1074. 

 

 


	1- Zhuang, H. & Savage, E. (2008). Validation of a combi oven cooking method for preparation of chicken breast meat for quality assessment. Journal of Food Science 73:424–430.

