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The effect of meat marinating with lactic and citric acid on some
physicochemical and electrophoretic pattern of beef burger
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Abstract:

BACKGROUND: Meat products may be unacceptably tough
because of the high connective tissue content of meats used
in their manufacture. OBJECTIVE: The aim of this study was
using meat acid marination method on some physicochemical
and sensory characteristics of beef burgers. METHODS: Meat
was marinated in three concentrations (0.5%, 1% and 1.5%) of
lactic and citric acid solutions (1:4 w/v) at 4 °C for 15h and was
used in formulation of beef burgers. RESULTS: According to
control sample, the highest redness (a*) value was found in the
lowest concentration of lactic acid while the lowest a* value
was in the highest concentration of citric acid. Shear force val-
ue indicated that lactic acid had a tenderizing effect particularly
at the lowest concentration and had a positive effect on overall
acceptability. Electrophoresis of proteins showed that band in-
tensity had decreased in 0.5% acid treatments, compared to the
control sample. CONCLUSIONS: It seems that meat acid marina-
tion is an applicable technique to tenderize beef burgers with

high percentage of meat.

Introduction

Maintaining the sensory and textural proper-
ties of meat products is a matter of challenge,
which necessitates more effort to protect the
product integrity, taste, flavor, and textural
sensory attributes (Gehan & Emara, 2010).
The meat industry should strive for more con-
sistently tender products since tenderness is an
important attribute for consumers. One meth-
od is acid marination, which can be used on
whole cuts of meat (Desmond & Troy, 2001).
The method has many other positive effects on
palatability and shelf life of meat products. In
this method, an acidic solution is incorporated
into meat to alter the pH (Onenc et al., 2004;
Serdaroglu et al., 2007). Most common ingre-
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dients of acidic marinades are organic acid
solutions (acetic acid, lactic acid, citric acid,
etc.), vinegar, wine, or fruit juice (Aktas and
Kaya, 2001; Burke & Monahan, 2003; Ergezer
& Gokcee, 2011). Tenderizing by acidic mar-
ination leads to the weakening of structures,
proteolysis by cathepsins, and increasing con-
version of collagen to gelatin at low pH during
cooking (Berge et al., 2001; Komoltri & Pak-
deechanuan, 2012).

High concentration of lactic acid has a
significant effect on tenderness and color al-
though it develops a sour flavor in products
(Desmond & Troy, 2001). Aktas et al. (2003)
reported that meat marination with lactic and
citric acid decreases shear force values. Burke
and Monahan’s (2003) study has shown that
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acid marination increased meat tenderness.
The present study was conducted to deter-
mine the effects of varying concentrations of
lactic and citric acids on the physicochemical,
textural, and sensory properties of beef burger.

Materials and Methods

Preparation of meat: We used hindquar-
ter meat for marination; cut it into 2kg pieces
and laid in commercial lactic and citric acid
solutions (0.5%,1% and 1.5%) at a ratio of 1:4
(meat: liquid) for 15h at 4°C. The meats then
were removed from the marinade, dried light-
ly, and minced through a 10 mm plate.

Preparation of beef burgers: Beef burgers
were formulated with hindquarter meat mar-
inated (40%), hindquarter meat (20%), flank
(30%), onion (8%), and salt and spices (2%).
After mincing meats and onion through a 10
mm plate, they were mixed in a paddle-type
mixer with salt and spices for Smin and re-
minced through a 3 mm plate. The mixture
was then formed into discs of 100g and kept
frozen at -18 °C.

pH and weight changes: The pH of the
meat was measured directly using a probe type
electrode before and after marination (Yusop
etal., 2010).

The meats weight was recorded before and
after marinating. Excess marinade was care-
fully drained off by applying paper towel to
the meat surfaces (Yusop et al., 2010). Calcu-
lation for marinade uptake was as follows:

% marinade uptake = marinated weight -
raw weight/raw weight x 100

The Moisture of beef burger samples was
determined as described by Aktas et al. (2003).

The beef burgers were cooked in 170°C fry-
er for 5 min and cooled for 10 min until reach-
ing room temperature (Hosseini et al., 2011).
The sample weights were recorded before and
after cooking (Besbes et al., 2010). Calcula-
tion for cook loss was as follows:

% cook loss = raw burger weight — cooked
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burger weight/raw burger weight x 100

Color: The objective measurement of color
lightness (L*), redness (a*), and yellowness
(b*) was performed at the surface of raw beef
burgers using a Hunter Lab system (color flex,
USA). Before each measurement, the appara-
tus was standardized against a black and white
tile. The corresponding color units were re-
corded (Ergezer & Gokce, 2011).

Shear force: After cooking beef burger
tenderness was evaluated. All samples were
sheared on an Instron Universal Testing Ma-
chine Model M350-10CT using a Warner-Brat-
zler shear force (WBSF) attachment, 500kg
load cell at 240 mm/min crosshead speed (Ko-
moltri & Pakdeechanuan, 2012).

Sensory evaluation: Cooked beef burgers
were served to evaluate sensory attributes of
tenderness, juiciness, flavor and aroma, color,
and general acceptability. The panel consisted
of eight members. The training consisted of
presenting the treatments in three preliminary
sessions to the panelists to familiarize them
with the properties. Evaluation was performed
based on 5 point hedonic scale, where 1 rep-
resented extremely dislike and 5 represented
extremely like (Serdaroglu et al., 2007; Besbes
et al., 2010).

Electrophoresis: Beef burger proteins were
extracted from raw samples and submitted to
sodium dodecyl sulphate- polyacrylamide gel
electrophoresis (SDS-PAGE) according to
Montowska and Pospiech (2007).

Statistical analysis: This experiment was
conducted as a completely randomized block
design using three replicates. Results were ex-
pressed as means + standard deviation. Anal-
ysis of variance of all data was conducted us-
ing the SPSS software version 19. Means that
were significantly different were separated us-
ing Duncan’s multiple range.

Results

Marinade uptake and pH values of treated
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Table 1. Marinade uptake and pH values of treated meat, moisture content, and cooking loss values of beef burger samples. @9
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Means in the same column with different letters are different (p<0.05).

Acid Concentration Cooking Loss Moisture Marinade Uptake pH
(%) (%) (%) (%)
Lactic 0 28.43+£0.174® 64.10£0.141® 1.12+0.191°® 5.69+0.189 ¢
0.5 28.60+0.141* 67.20+0.221 ¢ 6.82+0.103 ¢ 5.56+£0.177¢
1 29.54+0.165 * 67.90+0.154 4 6.95+0.256° 5.374+0.039°
1.5 29.82+ 0. 127 © 66.75+0.219° 6.02+£0.188° 4.97+0.091*
Citric 0 28.43+0.174 ¢ 64.10£0.141* 1.12£0.191* 5.69+0.189 ¢
0.5 28.38+0.240 ™ 66.10+0.185 ¢ 520+ 0.128 ¢ 5.46+0.056 ©
1 29.66+ 0.091 ¢ 65.60+ 0.255° 4.08+0.161° 5.09+0.127°
1.5 28.04+0.197 ¢ 67.05+0.170 ¢ 6.10+0.21114 4.89+0.114

Table 2. Color values of beef burger samples. @9 Means in the same column with different letters are different (p<0.05).

Acid Concentration (%) L* b* a*
Lactic 0 51.18+£0.506 * 19.39+£0.410* 8.84+0.117*
0.5 49.18+ 1.563 @ 18.22+0.499 ¢ 9.924+0.531 b
1 49.5141.397 19.28+0.283 ¢ 9.81+0.704®
1.5 46.97+ 1.495 ¢ 18.13+1.032 ¢ 9.60+ 0.504 =
Citric 0 51.18+ 0.506 ¢ 19.39+0.410° 8.84+0.117
0.5 49.48+0.943 @ 18.59+0.880® 9.58+0.320 b
1 49.32+ 1.511 = 18.96+0.241 9.11+ 0.360 *
1.5 50.48+0.241 b 18.15£ 0.854 = 8.56+0.482 ¢

Table 3. Warner Bratzler shear force of beef burger samples.
@d Means in the same column with different letters are differ-
ent (p<0.05).

Acid Concentration Shear Force (N)
(%)
Lactic 0 3551£1.166 ¢
0.5 26.71+1.619 *
1 32.57+2.616 "
1.5 33.55+0.226 >
Citric 0 3551+ 1.166°
0.5 32.54+£2.248 ®
1 40.97+2.262 ¢
1.5 39.84+0.275 «

meat and moisture content and cooking loss
values of the beef burgers are shown in Table
1. Significant differences were found for pH,
marinade uptake, and moisture content. The
lowest cooking loss was observed in samples
marinated with the highest concentration of
citric acid.

Hunter color values (Table 2) of the raw
beef burgers indicated that lactic acid had a
significant effect on color values compared to
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the citric acid treatments and control. These
beef burgers had higher a* values than con-
trol or other treatments. The Results revealed
that acid marinating significantly decreased L*
values of the beef burgers. According to Table
2, marinating with acid did not change b* val-
ues of beef burgers, compared to the control
sample.

Acid marinated meats had significant effects
on shear force values of beef burgers (Table 3).
Lactic acid treatments had lower shear force
values than the other samples, which have
shown that marinating of meat with 0.5% lac-
tic acid solution results in the most tender beef
burger.

Sensory analysis of the beef burgers (Table
4) showed that acid marination increased ten-
derness of beef burgers compared to the con-
trol sample; however, beef burgers produced
from the lactic acid treatments were more ten-
der than beef burgers produced from citric acid
treatments. The results showed that 0.5% lac-
tic acid treatment was the juiciest sample. Beef
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Table 4. Sensory evaluation of beef burger samples. “% Means in the same column with different letters are different (p<0.05).

Acid Concentration General Color Taste and Juiciness Tenderness
(%) Acceptability aroma
Lactic 0 3.00+£0.535® 3.38+1.061® 3.13+1.246® 2.13+£0.641 ® 2.25+0.886 *
0.5 4.13:0.6419  425£0.886°  4.25:0.886°  4.13+1.356¢  3.88+0.991¢
1 3.38£0.518 ¢ 3.38+0916* 3.13£1.246 * 1.50+ 1.069 ® 2.88+0.641 @
1.5 313+ 0354 3.63£0.518%  3.00£1.069 *  2.25+0.463 % 250+ 0.535
Citric 0 3.00£0.535 % 338+1.061®  3.13+1.246°  2.13:£0.641® 225+ 0.886
0.5 3.50+0.756 *¢  3.50+0.756 ¢ 3.50+ 1.069 3.63+0.518¢ 3.00+0.756 ¢
1 2.88+0.641 2.75+£0.463° 2.75+0.707 2.13£0.835® 1.75+ 0.463 ®
1.5 2.88+£0.354®  325:0.463®  2.63£0.744 *  2.63+£0.518%  2.00+0.535®
— band migrating at the position of tropomyosin,
= troponin I, myosin, and tropomyosin C showed
= significantly lower density after the acid treat-
§ =~ ments was only 0.5% treatments.
o
® - Discussion
20 —

Figure 1. Electrophoresis pattern of the hamburger samples.
M: marker, 1) control sample; 2, 3, 4) 0.5%, 1%, and 1.5%
lactic acid treatments; 5, 6, 7) 0.5%, 1%, and 1.5% citric acid
treatments.

burger treatments had similar color, taste, and
aroma scores to the control except 0.5% lactic
acid treatment which had the most general ac-
ceptability.

SDS-PAGE analysis of beef burger proteins
on untreated meat and those marinated with
lactic and citric acid is shown in Fig 1. The
effects of lactic acid were generally similar to
citric acid. Some components of meat proteins
marinated with 0.5% lactic and citric acid solu-
tions were clearly detected. Lactic and citric
acid highly affected myofibrillar proteins at the
density below 30KDa band. Actin degradation
by acid was small as the density of this band
was only slightly less than that of the control
sample. The 31KDa band, which is assumed
to be produced by troponin T degradation, was
virtually unaffected by the acid treatment. The

106

Previous works have already shown that
acid type and concentration had significant ef-
fects on pH values and weight changes (Aktas
et al., 2003). Compared to lactic acid, samples
marinated with citric acid had lower pH val-
ues. Desmond and Troy (2001) and Ergezer
and Gokce (2011) made similar observations
during investigations with various organic ac-
ids. One reason for the difference in behavior
can be the various pH values of the individual
acids. This may result in stronger acidification
of the solutions and subsequently of the mus-
cles themselves, assuming a higher concentra-
tion of hydrogen ions as an important factor.

The water binding of proteins had better be
below or above the isoelectric point (Ergezer
& Gokcee, 2011). In general, the closer the pH
of meat is to the isoelectric point of its proteins,
the more decreasing net charge and hence the
number of water molecules bonding with them
is (Serdaroglu et al., 2007). Aktas et al. (2003)
observed a correlation between low degree of
hydration of the myofibrillar proteins at their
isoelectric point and a higher moisture loss
during cooking.

The color results could be attributed to the
closer pH of meat to the isoelectric point of
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proteins which decreases the water holding ca-
pacity (Serdaroglu et al., 2007). Therefore, L*
values of the beef burger samples decreased.
Aktas and Kaya (2001) reported that the lower
pH values of acid treated samples, below the
isoelectric point of proteins, may have result-
ed in denaturation of sarcoplasmic and myo-
fibrillar proteins which may alter their water
binding ability. The amount of water dispersed
among the fibers could affect the reflectance
ability of the meat.

Several researchers have reported improved
sensory tenderness in association with a de-
crease in shear force values in meats due to
marination with food acids (Ergezer & Gokce,
2011). Previously, it was reported that the acid-
ic marinades were responsible for improving
the tenderness of beef. The effects of organic
acids on meat texture depend on pH drop after
treatment that resulting in solubilization of the
collagenous tissue and increased tenderness
(Gault, 1985; Onenc et al., 2004). Results in-
dicated that shear force values of beef burgers
increased at the isoelectric point of meat pro-
teins.

The results of the present study indicate that
acidic marinating solutions affected the chemi-
cal and physical properties of beef burger. Low
meat pH induced by lactic acid marination re-
sulted in decreased shear force values and im-
proved sensory properties of the beef burgers
than control sample. The Hunter color a* value
was the highest in lactic acid treatments. Mar-
inating with lactic acid in comparison with cit-
ric acid leads to better results.
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