
 
  

Available online at www.tpa-timisoara.ro 
 

 
 

 
Journal of Agroalimentary Processes and 

Technologies 14 (2008) 283-287 

 
Journal of  

Agroalimentary Processes and 
Technologies 

 
 

 

_____________________________________________________ 

The influence of enzymatic tenderization on thermal 
processing yield 

 
Daniela Istrati 

 
University “Dunarea de Jos” Galati, Faculty of Food Science and Engineering, 111 Domneasca Street,  Romania 

_____________________________________________________ 
Abstract 
In this experiment have been evaluated two most often used meat tenderizing enzymes papain and 
bromelin which are derived from tropical plant papaya fruit and pineapple plant. These enzymes were 
added in injection brine and than the beef cuts were injected with different percents of brine. Beef cuts 
injected with enzymes were stored for 24 and 48 hours at 2-4ºC. Experimental data reported that losses at 
thermal treatment were bigger for the control samples as compared with the beef cuts injected with 
bromelin. The study on papain tenderised meat registered losses at thermal treatment, they being maximal 
for the control sample. The increase of the papain level added and the period of ageing losses went down.  
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1. Introduction 
 
Tenderness, juiciness, appearance, taste 
and odour are the main characteristics in 
determining overall eating quality of meat 
(Sims & Bailey, 1998). Is is widely 
recognize that meat tenderness is the most 
significant factor affecting consumers' 
satisfactions (Issanchou, 1996; Boleman, 
Miller, Taylor, Cross, Wheeler, 
Koohmaraie, Johnson and Savell, 1997; 
Dikeman & Loughin, 2003). These 
characteristics may be influenced by 
several production factors (genetics, 
species, breeds, age, sex, feeding system, 
etc.) and processing techniques (chilling, 
chemical and enzymatic tenderization, 
cooking etc.).Tenderization is a technique 
used to improve tenderness, flavor and 
juiciness of meat. The improvement of 
tenderness in meat is mainly caused by 
changes in the structure of connective 
tissues solubilized by heat while at the 
same time heat-denaturation of myofibrils 
proteins generally causes meats toughening 
(Palka & Daun, 1999).  
 

 The measurement of changes occurring 
during meat cooking may be carried out by 
a different methods including textural and 
microstructure determinations (Yoon, 
2002), soluble protein identification, protein 
fragmentation, cooking loss or colour 
evaluation (Murphy et all. 2001, Quiao, 
Fletcher, Smith & Northcutt, 2002, Garcia – 
Esteban, Ansorena, Gimeno & Astiasaran, 
2003). 

The purpose of this research was o evaluate 
the influence of thermal treatment (boiling) 
on beef meat tenderized with plant enzymes 
(papain and bromelin). The research was 
focused on main quality characteristics of 
beef that may influence the consumer 
acceptance: tenderness and cooking loss. 
 
2. Materials and methods 
 
In this research was used adult beef thigh 
post rigor (24 hours after slaughter), 
purchased from the commercial distribution 
in refrigerated form. Salt was of food-
suitable purity, being a largely used additive 
in meat industry. Papain Chilko P and 
bromelin from  Lay Condiments, Bucharest. 
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Chemical analysis: 
Initial was determined the general 
composition of the beef including: water 
content according to the AOAC-1995 
method; the total nitrogen content  
according to the SR ISO 9037:2007 
method; the fat content according to the 
AOAC, 1984 method and the pH according 
to the AOAC method with a Hanna digital 
pH-meter.  

Tenderness degree was determined 
according to the Ionescu et all, 1992 
method.Cooking losses were calculated 
with the formula:  

P= [Mi-Mf] x100/ Mi where Mi = initial 
weight of the sample (raw meat);  
Mf = final weight of the sample (after 
thermal treatment). 

Thermal processing yield was calculated 
with the formula: η = Gt x100/Gi where Gt 
= the weight of sample after thermal 
treatment; Gi = the weight of sample 
before thermal treatment (raw  
meat). 

Sample preparation:  

The adult beef thigh separated from the 
gross conjunctive tissue and fat was cut 
into pieces of the same size in length and 
thickness, weighing approximately 120 g, 
cut along the muscular fibers. The meat 
pieces were injected with brine made up of: 
salt 2 g and water 98 g to which various 
amounts of papain and bromelin were 
added. The treatment series were 
constituted, consisting of: control samples, 
the pieces of meat were injected with 10% 
(w/w) and 15% (w/w) brine without 
enzyme addition, eight samples were 
injected with 10% (w/w) and 15% (w/w) 
brine with different concentration of papain 
addition (0.002 mg papain/100g meat, 
0.004 mg papain /100g meat, 0.006 mg 
papain /100g meat, 0.010 mg papain /100g  

 meat) and eight samples were injected with 
10% (w/w) and 15% (w/w) brine with 
different concentration of bromelin addition 
(0.002 mg bromelin/100g meat, 0.004 mg 
bromelin /100g meat, 0.006 mg bromelin 
/100g meat, 0.010 mg bromelin /100g 
meat). 

The injection was performed manually with 
a injection syringe, so that the entire brine 
quantity could be uniformly pumped into 
the whole muscular mass. The eliminated 
brine was reinjected.  The injected meats 
were wrapped with a polyethylene film and 
stored at 4°C for 24 - 48 hours aiming to 
achieving an uniform that diffusion of brine 
in the muscular tissue with or without 
papain and bromelin addition and to 
deploying the activity of exogenous 
proteolitic enzymes. 

After maturation, the meats were boiled in 
hermetically sealed test tubes on a water 
bath by gradual heating (about 1°C/minute) 
up to reaching the thermal centre of the 
temperature of 70°C, which was maintained 
for 10 minute. After boiling, the samples 
were immediately cooled on water bath 
cooled by means of ice, after which they 
were stored at refrigeration temperature 
over night. The boiled meats brought to 
room temperature were carefully removed 
from the test tubes and were weighed after 
being tapped with filter paper. 
 
3. Results and Discussions 

The data obtained from initially analysis on 
chemical composition of beef meat (Table 
1.) showed a relatively lean meat (5.82% ± 
1.4% fat), with an average protein content 
(17.2% ± 1.08%) and water content (75.8% 
± 1.03), the average values and errors being 
calculated with the statistic program Sigma 
plot 2001 for five different lots of beef.  
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Table1. Chemical components of beef 
Content Chemical 

 components g% g% S.U. 
Moisture 75.8 - 
Dry substance 24.2 - 
Total nitrogen 2.72 11.24 
Total proteins 17.2 71.07 
Fats 5.82 24.04 
Non-protein nitrogen 0.212 0.876 
Aminic nitrogen 0.066 0.272 
Ammonia 0.019 - 
pH 6.02 - 

 
Tenderness degree: 

The evolution of tenderness degree of the 
mature beef tenderized with papain and 
bromelin was determined by rigidity index 
measurement (rigidity index is a measure 
of the resistance opposed by meat to 
compression). 

The increase of the level of papain added 
as well as the increase of the duration of 
enzyme activity led to a considerable 
increase of the values of the rigidity index 
in thermally treated samples by boiling 
(fig.1).  The lowest values of the rigidity 
index were observed for the control 
(injected only with brine with no papain 
addition) as compared to samples 
tenderised with papain.  

Experimental data shows a significant 
increase of rigidity index in thermally 
treated samples by boiling tenderized with 
bromelin, too. Rigidity index was higher 
for the samples tenderized with bromelin as 
compared to the control (injected only with 
brine without bromelin addition). The 
increase of the level of bromelin added in 
brine and the increase of the duration of 
enzyme action cause a significant increase 
of weakening of the mature beef structure 
and the increase of index rigidity values 
(fig.2). The increase of brine injection 
percent cause a significant increase of 
rigidity index both in the samples 
tenderized with papain and in the samples 
tenderized with bromelin, the lowest values 
was observed to the control samples 
injected only with brine without enzymes 
addition (fig 1, fig. 2). 

 The higher values of rigidity index were 
observed for samples tenderized with 
papain, this enzime has the best capacity to 
improve adult beef tenderness as compared 
to bromelin. 

Cooking losses:In time of thermal treatment 
applied to beef take place a series of more 
or less intense chemical and physical 
alterations. The meat texture is altered 
during the thermal treatment as a result of 
protein denaturation, meat dehydration, 
colagen hydrolisis, fat expulsion from fat 
cells and their dispersion into the meat 
mass.  

The research on meat tenderised with 
papain and bromelin registered losses at 
thermal treatment, they being maximal for 
the control sample (Table 2, 3). The data 
indicate a decrease of cooking losses both in 
the samples tenderized with bromelin and 
papain as compared with the control. The 
increase of the enzyme level added and the 
period of meat ageing determined a 
significant increase a water holding capacity 
that influenced cooking losses. Cooking 
losses decrease with the increase of duration 
of the enzyme action both in the control 
samples and in the samples tenderized with 
papain and bromelin. The increase of the 
brine injection determined a significant 
increase of cooking losses they being 
maximal to the control sample at initial 
moment (15% injected brine). The smaller 
values of cooking losses were observed at 
the samples tenderized with papain for the 
higher level of enzyme injected (10 mg 
papain/100g, 48 hours of beef ageing). 
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Table 2. Influence of enzmatic tenderization with papain on cooking losses 
Control 2 mg 

papain/100g 
4 mg 

papain/100g 
6 mg 

papain/100g 
10 mg 

papain/100g 
Percent of injection brine (%) 

Time of 
ageing 
(hours) 

10 15 10 15 10 15 10 15 10 15 
0 30,75 31,22 26,66 28,79 26,29 27,39 22,61 23,52 11,71 12,83 

24 28,85 29,72 24,27 27,04 23,89 24,83 22,27 22,61 10,51 11,21 
48 26,09 27,93 23,15 26,72 21,79 23,84 20,74 21,39 9,12 10,65 

 
Table 3. Influence of enzmatic tenderization with bromelin on cooking losses 

Control 2 mg 
bromelin/100g 

4 mg  
bromelin /100g 

6 mg  
bromelin /100g 

10 mg 
 bromelin 

/100g 
Percent of injection brine (%) 

Time of 
ageing 
(hours) 

10 15 10 15 10 15 10 15 10 15 
0 30,75 31,22 28,61 29,15 27,22 28,52 25,52 26,88 19,63 20,86 

24 28,85 29,72 27,35 28,70 26,85 27,92 24,63 26,68 18,83 19,68 
48 26,09 27,93 25,21 27,15 24,72 26,35 24,22 25,75 18,72 19,25 

 
 
Thermal procesing yield: Experimental 
data shows an increase of thermal 
processing yield with the increase of 
enzyme level added al brine injection both 
in the samples tenderized with papain and 
bromelin as compared with the control 
(table 4,3). The highest values of  the 
thermal processing yield were observed at 
the samples tenderized with enzymes 
(papain or bromelin) for the higher level of 
enzymes injected (10 mg enzyme/100g,  
 

 10% brine injection for 48 hours of beef 
ageing).The increase of the time ageing for 
the beef cuts tenderized with papain or 
bromelin cause significant improvement of 
the thermal processing yield. The samples 
injected with papain had the highest values 
for the thermal processing yield and the 
smaller values for the cooking loss as 
compared to the samples tenderized with 
bromelin and the control. 

 
Table 4. Influence of enzmatic tenderization with papain on thermal processing yield  

Control 2 mg 
papain/100g 

4 mg 
papain/100g 

6 mg 
papain/100g 

10 mg 
papain/100g 

Percent of injection brine (%) 

Time of 
ageing 
(hours) 

10 15 10 15 10 15 10 15 10 15 
0 69,22 68,75 73,35 71,18 73,67 72,58 77,38 76,46 88,28 87,16 

24 71,13 69,27 75,72 72,95 76,07 75,14 77,68 77,33 98,48 88,78 
48 73,87 72,06 76,81 73,23 78,18 76,13 79,25 78,58 90,87 89,33 

 
 

Table 5. Influence of enzmatic tenderization with bromelin on thermal processing yield 
Control 2 mg 

bromelin/100g 
4 mg  

bromelin /100g 
6 mg  

bromelin /100g 
10 mg 

 bromelin 
/100g 

Percent of injection brine (%) 

Time of 
ageing 
(hours) 

10 15 10 15 10 15 10 15 10 15 
0 69,22 68,75 71,32 70,79 72,61 71,44 74,46 73,09 80,44 79,11 

24 71,13 69,27 72,61 71,24 73,11 72,04 73,30 81,15 81,11 80,22 
48 73,87 72,06 74,76 72,80 75,22 73,64 74,20 81,24 81,12 80,66 
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4. Conclusions 
 
Beef tenderization with papain and 
bromelin determined a significant 
improvement of the adult beef quality. The 
increase of the enzyme level added in brine 
injection cause an improvement of the beef 
tenderness by rigidity index measurement. 
Correlating the tenderness with cooking 
loss and thermal processing yield it may be 
establish an optimum enzyme level for an 
efficient improvement of adult beef with a 
good yield at thermal processing.  From 
experimental data may be conclusion that 
optimum level of brine injection added in 
beef cuts is 10% and optimum level of 
papain added in brine solution is 
0.002g/100g meat for 24 hour of beef 
ageing and optimum level of bromelin 
added in brine solution is 0.004g/100g 
meat for 24 hour of beef ageing. To avoid 
high-tenderization it recommended to 
decrease the ageing period for beef 
tenderized with papain or bromelin or to 
decrease the level of enzyme added in 
brine solution.  
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