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Abstract

Meat products have a broad market in Ecuador; however, jerky (dry meat) is rarely known and there are
no products preserved using osmotic dehydration (OD). OD improves organoleptic characteristics of
meat, thus it allows to use less economically valued meat cuts. The objective of this work was to evalu-
ate the effect of drying time on three beef cuts, regarding the physicochemical characteristics (Moisture
Content, Moisture:Protein Relation, MPR, and Water Activity) and sensory characteristics in the
elaboration of jerky that was previously dehydrated by OD, employing” 860 hypertonic solution.

OD procedure was considered to be finished when a moisture content of 55g/100g of product was
achieved for all treatments. During the air drying stage, a Completely Randomized Design (CRD) with

factorial arrangememzaNas used (Time: 4h, 5h, and 6h and muscle mftaspinatus Rectus femoris
Pectoralis profundusat constant temperature (68@). Five hours drying time treatments (T2, T5 and

T8) presented better results for all three muscles types on physicochemical characterization and were
evaluated by 65 consumer panelists through a preference test, in which no significant difference among
treatments was observeBectoralis profunduss considered to have lesser market value compared to
the other two muscles, hence its use for this type of products is highly recommended.

Keywords. Jerky, Infraspinatus Rectus femorisPectoralis profundusMoisture Protein Ratio, Os-
motic Dehydration.

Efecto del tiempo de secadoy de distintos cortesde misculosde res en las caracteristicasfisicoquimicasy
sensorialede carne seca(cecina)

Resumen

Pese al gran posicionamiento que tienen los productos carnicos en el Ecuador, el Charqui (carne seca)
es poco conocido y no existen productos conservados usando deshidratacion osmética (DO). La DO
mejora las caracteristicas organolépticas de la carne por lo que permite utilizar cortes de menor costo
econdémico. El objetivo de este trabajo fue evaluar el efecto de diferentes tiempos de secado en tres tipos
de musculo de res sobre las caracteristicas fisicoquimicas (contenido de Humedad, Relacién Humedad:
Proteina MPR, y Actividad de AguaAYy organolépticas en la preparacion de Charqui, previamente
deshidratado mediante DO utilizando una solucion hipertonieBi¢. La DO se considero terminada

para los tratamientos al alcanzar un contenido de Humedad de 55g/100g de producto. Para la etapa de
secado se utilizé un disefio completamente al azar (DCA) con arreglo facfgri@irBespondiente a 2
factores (Tiempo: 4h, 5h, y 6h y tipo de musculofraspinatus Rectus femorisPectoralis profundus)

a temperatura constante (683. Los tratamientos de 5 horas de secado para todos los muisculos (T2,
T5 y T8) presentaron los mejores resultados en la caracterizacion fisico-quimica y al ser evaluados
sensorialmente por 65 consumidores a través de una prueba de preferencia no presentaron diferen-
cia significativa. Pectoralis profundugs un musculo con un valor en el mercado considerablemente
megor a los dos anteriores, por lo que su utilizacién puede ser altamente recomendada en este tipo de
productos.

Palabras Clave. Charqui, Infraspinatus Rectus femoris Pectoralis profundus Relacién
Humedad:Proteina, Deshidratacién osmética.

Introduction that 5.3 million heads of cattle are reared across the

. country every year. As for consumption, an average per-
Meatproducts have a broad market in Ecuador, forcon- ¢, adts 138 kg of meat annually, which is used as a

sumers as well as producers. Data reported by the Ecuadgg | ca of protein in a 42.5%, 32.0% y 31.7% in high,
rian Institute of Statistics and Census (INEC) [1] shows
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middle and low social class respectively. To satisfy this established a maximum Aof 0.85, and a Moisture-
demand, several techniques have been employed to in-Protein Ratio (MPR) equal or less than 0.75:1 to assure
crease product’s shelf-life. The currently available prod shelf life stability of beef jerky.

ucts in the Ecuadorian market are mostly cold, cured or
canned meat; but there are no products preserved by os
motic dehydration.

Processing conditions and the properties of the meat
employed, affect the characteristics of the final product,
as well as the efficiency of its elaboration. Miller et al.
Osmotic dehydration (OD) is a food preservation method [15] revealed that jerky produced with heart muscle had
that eliminates water held in the interior of cellular selid  more protein and was less prone to nutrient loss in com-
It is done by immersion of the product in a hypertonic parison to tongue and round top muscles in beef. How-
solution, forming an osmotic pressure gradient because ever, this investigation did not specify any result regard-
of the difference of concentrations between them. As a ing water activity, nor it reported water holding capacity
result, three main mass transfers occur in this process: changes of the studied muscles. Rahman et al. [16] con-
(1) water flow from the product to the solution, (2) so- ducted an investigation of the physical-chemical proper-
lutes are transferred from the solution to the productand ties of jerky using goat meat and different drying meth-
(3) a loss of the product’s own solutes into de hyper- ods. They concluded that drying methods affect quality
tonic solution (Luck, 1995; Pezo et al., 2013). Energy attributes. Mamani-Linares and Cayol[17] determined
savings and waste reduction are the main advantages ofsome physical-chemical properties of jerky made with
OD compared to other drying technigues. llama, horse and beef, showing that beef jerky had less
water content, water activity and fat; thus it is highly

Filipovic et al. [2] highlighted the i t f us-
lipovic et al. [2] highlighted the importance of us recommended for these products.

ing ternary solutions (two solutes and one solvent) dur-

ing de OD process in meat products, since they speed Gjven the importance and world development of osmotic
up the process. The combination of a salt along with @ gehydration as a preservation technique, several stud-
compound of larger molecular weight, such as sucrose jes have been made in order to optimize the process of
or another sugar, increases the osmotic pressure gradi-meat products. Previous works have focused on differ-
ent [3]. This also has a quality implication because it ent processing conditions during beef dehydration, as
reduces salt impregnation in the product; thus improv- el as the concentration of the hypertonic solution em-
ing organoleptic and nutritional characteristici[4, 5]. ployed, temperatures, time and final moisture reached
[18+20]. On the other hand, packaging and storage pro-
cedures, such as modified atmospheres, have been de-
veloped [[21]. Still, few studies have been carried out
regarding beef cuts and its possible influence in osmotic
dehydration, and moreover in the physicochemical and
sensory characteristics of the final product.

Different meat proteins play an important role on water
retention inside de muscular tissue. Water is the major
component in beef, being around the 75% of its total
weight, and it is held inside muscular fibers in three dif-
ferent forms: (1) a first layer dfiond waterthat inter-
acts with charged functional groups of proteins and is
resistant to evaporation; (2) a layerrain-mobilewater
that is attracted by esteric effects to bond water and that
gradually turns into a (3) layer dfee water|6,|7]. Re-
gions (1) and (2) hold from 20% up to 27% of the total
amount of water found in beefl|[8, 9].

Itis well known that OD improves color and flavor char-
acteristics in meat products [19]; hence it can increase
the sensory attributes of low rated value beef cuts. It
is necessary to find a muscle cut that allows an opti-
mum processing method and also that is accepted by
consumers. The market value of different beef cuts de-
pends, in great measure, of its tenderness. Calkins and
Sullivan [22] classified beef muscles according to their
tion due to its low water activity (4) [10]. Jerky is tenderness (tough, intermediate, tender) measured by
a marinated and dried meat, which can be made with resistance to shear force. The variation of this resistance
whole or minced meat. The United States Department between different muscles is due mainly because of the
of Agriculture (USDA) defines jerky as a “meat product ~concentration and characteristics of the connective tis-
ready to eat that has been heat-treated and has a prosue involved|[9]. In the present investigation three cuts

Dried meat is one of the oldest preserved foods known
by men. It is relatively easy to process and it does
not need refrigeration during its commercial distribu-

longed shelf-life” [11].

Jerky processing normally consist in a marinating stage
followed by a drying treatment generated by circulation
of hot air over the product, which is kept in trays, in
order to eliminate water using convection [12]. Drying

is necessary to reduce water activity, inactivate enzymes

with different tenderness rankings were chodefraspina-
tus(tender) Rectus femoriéntermediate), anBectoralis
profundi(tough). Sensory perception of the consumer
and its differentiation ability among different tenderses
rankings in processed meat products, such as jerky, can
have a number of practical implications.

and to decrease microbial content/[12, 13]. The absence In Ecuador there are no products similar to jerky, ex-

of Escherichia coliO158:H7,Listeria monocytogenes

cluding minor importations of selected stores at high

and Salmonellamust be guaranteed throughout a heat- prices. The main objective of this work was to evaluate
treatment that reaches a minimal internal temperature of the effect of different processing times in three different
71.1°Cinthe middle of the product[11,14]. The USDA beef muscles in the elaboration of dried meat (jerky),



Ramirez-Cardenas

Av. Cienc. Ing. (Quito)2015 Vol. 7, No. 1, Pags. C31-C38

Variable Initials Method Specification
Water Activity A, Official method AOAC 978.18 <0.85
Moisture Protein MPR Official method AOAC 2001.11 <0.75
Ratio and Official method AOAC 960.39

Moisture Content Mc Official method AOAC 960.39 <219g/100g

Table 1: Response Variables, methods and specifications.

Expressible  Final moisture content

Muscle moisture [31] at 12 hours (g/100g)
Rectus femoris 40.33 51.28
Pectoralis profundus 39.02 52.90
Infraspinatus 38.48 53.97

Table 2: Expressible moisture and final moisture content foreach muscle.

through the determination of water content, MPR, A muscles for OD was made in the same way described in

and sensory evaluation.

Materials and Methods

Raw Material

the previous tests and using same temperature. Moisture
content was determined by triplicate every hour during
12 hours|[25]. A dehydration curve (moisture content
vs. time) was made for each muscle with the results ob-
tained in this procedure. The required time to achieve
the desired moisture content (55g per 100g of product)

Three different beef muscle cuts were used according to was calculated by interpolation of data found in each
the Institutional Meat Purchase Specifications [28}: dehydration curves.

fraspinatusShoulder Clod-114D (INF)Rectus femoris o _

Round Knuckle Tip 167E (REFPectoralis profundus ~ Marinating and Drying

Boneless Brisket 120 (PEP).

Osmotic Dehydration

Previous Tests

In order to calculate proper amount of the required so-
lutes in the hypertonic solution, this study used fout 60
Brix solutions with different sodium chloride (NaCl)
and sucrose (GH22045) relations. Colato et al.| [3]
recommended hypertonic solutions that hayetG> O 5
concentrations ranking from 40 to 70%, and from 5 to
20% for NaCl. Outside these ranges the flavor of the
product is negatively affected. The four combinations

Meat cubes were marinated in 28°B0ix sauce (contain-

ing powdered garlic, soy sauce, teriyaki sauce, mustard,
powdered pepper, oregano, and sesame seed oil) with
a meat:sauce relation 1:0.5 w/w in a Tumbler (Rihle
M130) at -2C for 40 minutes with vacuum (-0.90 bar)
and a tank position number 2 without stirring arm (using
program 25 which is specific for jerky and beef strips
in this equipment). Samples were dried in a Precision
(Economy Oven 45EG) at 686 according to times
set in the experimental design. A heat treatment, de-
scribed by Nummer et al._[11], at 135 for 10 minutes
was made.

were: 9%NaC|-51%QzH22012, 11%NaC|-49%G}2H22 Experimenta| Design
O12, 13%NaCl-47%G;H25012, 15%NaCl-45%G, Hao

012.

Each one of these solutions was placed inside Zipl®ck

A Completely Randomized Design (CRD) with facto-
rial arrangement 3was employed (combination of 2
factors with 3 levels each: type of muscle used (INF,

bags _along with 300g of meat cut in cubes o_f 1.5cm REF, PEP) and drying time (4, 5 and 6 hours). Muscle
per side made from PEP muscle. The solution:meat o5 were chosen according to their tenderness rank-
relation was 5:1 w/w[19=21]. OD was conducted at ing gescribed by Calkins and Sullivan [22], and drying
4°C [11,l14, 24] for 12 hours in order to determine the imeq\vere determined according to Nummer etal. [11].
amount of time needed to achieve a moisture content 1,00 repetitions were done, obtaining a total of 27 ex-

of 559/1009 of product established by Pezo et all [20]. perimental units. Response variables with their respec-
Moisture content was determined by duplicate every 2 4, specifications are described in Table 1.

hours according to AOAC method 934.01/[25]. The best
combination was selected based on: (1) final moisture The data were subjected to analysis of variance (ANOVA)
reached and (2) a six peogtecus groughat tasted and ~ and means were assessed by Tukey test (P<0.05).

evaluated each sample
tion.

Characterization of the Osmotic Dehydration Curve

to define proper salt concentra- .
prop Pondering Table

Water activity of jerky has been described by several re-
searchers [11, 14, 24] as the main variable for microbio-

The chosen NaCl-GH2,0;2 combination was prepared logical control (valuation 3); followed by MPR (<0.75)
dissolving 110g of NaCl and 490g of;§H2,0;4 for (valuation 2) required to categorize a product as jerky.
every 4009 of water. Processing of the three types of According to the USDA [11], moisture content does not
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Mean Squares

Source of Variation - d.f. Ay MPR Moisture content (g/100g)
Treatments 8  2.03xIG"s  1.12x10°% 14.8*

Factor A (Muscle) 2 9.92x10'™  6.44x1074™s 2.26"*

Factor B (Time) 2 6.18x10%* 3.20x10~4* 43.7*

Interaction AxB 4  4.83x10%"s  6.16x10°3* 6.60*
Experimental Error 18 8.48x10 1.72x10°3 1.14

Total 26 1.21x103 4.64x10°3 5.34

*: significant at 5% probability by F test.
™-5-: not significant at 5% probability by F test.
Table 3: Summary of the analysis of variance (ANOVA) for A, MPR and Moisture Content of treatments.

guarantee product’s safety, which is why this is the least time. Sucrose usage increases solution viscosity, lead-
important variable (valuation 1). However, Allen et al. ing to inhibition of mass transfer due to formation of a
[26] recommended moisture analysis to have a better sugar barrier in the product’s surface [5] 30]. The dif-
understanding of the shelf life of the product, and Lim ference between the 9% NaCl sample with the rest may

et al. [27] highlighted the importance of moisture con-
tentin jerky’s texture.

Sensory Evaluation

A preference test was done by 65 consumer type judges
[2€], all students from San Francisco de Quito Univer-

be caused by this phenomenon. NaCl reduces water ac-
tivity more efficiently, but its concentration in hyper-
tonic solutions is restricted for giving an excessive salty
taste in the product[5]. Given that the last three com-
binations dehydrated the meat in similar ways, the solu-
tion containing 11%NaCl-49%GH»>0,, was chosen

for organoleptic reasons.

sity between 17 and 24 years old; 36 women (55.39%)
and 29 men (44.61%). Treatments were coded using Dehydration curves for each muscle are presented in
three randomized numbers. Jerky samples were pre- Graphic 2. Time 0 of the curve represents the initial
sented simultaneously in meat cubes of 1.2cm per side moisture content for all muscles. All samples had higher
(3g each). In the form given judges were asked to try values than those reported by Von Seggern etlal. [31].
samples from left to right and order them according to However, a similar tendency was maintained where INF
their preference, being 1 “most preferred” and 3 “less had the lowest moisture value in comparison with the
preferred” [29]. They were asked to drink water and two other muscles. Initial moisture content can be af-
wait thirty seconds between each sample [29]. Fried- fected by several factors such as age, gender and animal
man’s test was employed using Chi-square equation to rearing [9].

determine statistical differenceX? value was obtained
according to Equation 1, and compared to the value given
in the Chi-square distribution table (G.L. = 2 and 5%
probability) [29], according to the same equation:

When osmotic dehydration began, some similarities ap-
peared for the three muscle types: during the five first
hours of dehydration there was a quick moisture drop in
the product. This occurred, as expected, given that ex-
isted a wider gradient of osmotic pressure |3, 5]. Then,
dehydration speed in meat cubes diminished consider-
ably, keeping a moisture of 60g/100g until tH& &our.

It seems that NaCl was responsible for the first quick de-
hydration moment given its capability to penetrate cell
membranes. Colato et al.l [3] presented similar results
with the same 11% NaCl content in different food prod-
ucts.

X2 (Rj)* —3N (k+1)

1

1)

k
Jj=

7 12
 N-k(k+1)

Where, N = number of judges
K = number of samples

R = summation of each treatment The required times to achieve the established moisture

content of 559/100g were 11.52h, 10.28h and 11.30h
for INF, REF and PEP, respectively. REF was the mus-
cle which eliminated water faster than INF and PEP,
and this may be due to ifsese watercontent|[32]. Us-

ing centrifugation methods it is possible to calculate the
Graphic 1 shows the osmotic dehydration curves for amount ofdrip lossand retained water in meat proteins
the four different combinations of NaCl;gH22,01 5 for [7]. Drip loss comes fronexpressible moisturand it
meat cubes (1.5cm per side) of PEP muscle. The sam-gives a close idea of the total amount of free water in a
ple that contained the highest NaCl concentration dehy- sample. Von Seggern et al. [31] reported values of ex-
drated slightly better than the rest, reaching a final mois- pressible moisture for several muscles, where REF had
ture content of 51.249/100g after 12 hours of treatment, a higher value than INF and PEP. Table 2 shows the
whereas the sample that only contained 9% NaCl only amount of expressible moisture and the final moisture
reached a moisture content of 55.91g/100g in the same content reached after 12 hours of OD for each muscle.

Results y Discussion

Osmotic Dehydration
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Figure 1: Osmotic dehydration curves for four different combinations of NaCl:C12H22012 for meat cubes (1.5cm per side
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Treatments AL* Treatments MPR*
T7 0.6284+ 0.019 T7 0.5974+ 0.049
T1 0.613+ 0.045 T4 0.565+ 0.060%
T4 0.608+ 0.012 T1 0.508+ 0.030%¢
T6 0.588+ 0.033 T3 0.487+ 0.028¢
T5 0.5834+ 0.009 T5 0.472+ 0.002¢
T8 0.582+ 0.007 T8 0.470+ 0.077°
T9 0.565+ 0.027 T6 0.456+ 0.040*
T2 0.556+ 0.042 T2 0.447+ 0.0158¢
T3 0.553+ 0.038 T9 0.396+ 0.013
*Values are meas- SD *Values are meart: SD
Table 4: A,, of treatments *Means followed by the same

letter are not significantly
different at 5% probability
by Tukey Test.

Table 5: Moisture Protein Ratio (MPR) of treatments.

Awis et al. [6] investigated the water holding capacity
of 9 different muscles, finding that INF had less drip
loss than REF, although in this study PEP muscle was
not analyzed.

between moisture and protein. Allen et al.|[25] and Ro-
driguez|[33] reported similar values for these variables
Table 3 presents the summary of analysis of variance in other jerky studies.

(ANOVA) of the physicochemical characterization of
the treatments. Significant differences existed within
treatment regarding MPR and moisture content, but not Some investigators|[6] 7] concluded that speed and de-
for A,,. The type of muscle used did not influenced in hydration capacity in meat products depend on the amount
any of the variables analyzed, whereas drying time was of bound and non-mobile water Once free water is

very important. Factor interaction (Muscle and Time) eliminated from the product, evaporation speed is con-
influenced in MPR and moisture content, but not for siderably reduced. This can be observed in Graphic 3,

Drying Procedure

Moisture Content

Ay where INF and PEP treatments kept their moisture close
. to 20g/100g from the fifth hour on, but REF reached
Water Activity (Aw) 18g/100g after 6 hours. Price and Schweidert [8] estab-

There was no statistical difference between treatments lished a 20%oundandnon-mobilevater for most beef

(Table 3). All treatments achieved established pa- cuts. The continued moisture evaporation in REF might

: ol At be explained because of ixpressible watecontent.
rameter <0.85 (Table 4) for jerky commercialization [22]. : .
Furthermore, all treatments had ap, Aower than 0.70 Al treatments of fqur drying ho.urs (T7, T4y T1)did not.
which according to Nummer et al. [11] and Rodn’gfjez achieved the maximum established parameter for mois-

[33] is a control method for jerky that has not employed ture content (<219/100g) (Table 6).

yeast and mold inhibitors. Boles et al. [14] presented Pondering of Variables

similar A, results for this product. The low Aof treat- . . .

ments revealed the influence of OD in drying time; Bowser! '€atiments of five and six drying hours for all muscles
et al. [10] reported drying times longer than 6 hours by had the higher score values (Table 7). Treatments of f_lve
traditional methods at the same temperature, and Lim et hours for all muscles were chosen for sensory evaluation

al. [26] required 8 hours at 7C. because of less energetic costs (T2, T5 and T8).
It would be logical to suppose shorter drying times with Treatments Mc(g/1009)*
the A, given to reduce energetic costs. Nevertheless, T7 26.115+ 0.660
some researchels [11] 34] have stated that the minimum T4 24.265+ 0.912
time required at 68 & to assure the products microbi- T1 22.272+0.972¢
ological safety and absence®fcoli 0157H7, Listeria T5 20.988+ 0.828
mococytogeneandS. aureuss 4 hours. T8 20.933+ 2.014¢
. . . T6 20.858+ 0.783¢
Moisture Protein Ratio (MPR) T3 20.7204+ 0.229
All the nine treatments reached established MPR for T2 20.383+ 0.276
jerky (<0.75) [28]. Table 5 shows that the only mus- T9 18.779+ 1.588'
cle that has statistical difference between 4 hours and 6 * Values are meart SD
hours of treatment was REF. On the other hand, the co- *Means followed by the same
efficient of variation for MPR (CV= 8.48%) was higher letter are not significantly
in comparison with A, (CV=4.97%) and moisture con- different at 5% probability
tent (CV=6.00%). This could be explained because MPR by Tukey Test.

is obtained from two values, the mathematical relation Table 6: Moisture content of treatments.
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Sensory Evaluation

The calculated X value was 0.369, significantly infe-

rior to the critical value of 5.991, therefore there was no
significant difference between treatments. Consumers [11]
did not show any preference for a particular sample,

and any of the muscles cuts studied could be employed

for future marketing tests. It could have been expected
that consumers reject PEP samples because of more in-[12]
tercrossed bonds in their connective tissue, which in-

creases meat hardness [9]. Given that PEP is a low val-
ued market meat cut with low prices, it should be the |13

muscle with more commercial interest in jerky prod-
ucts.
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