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Abstract

Meat grinders are composed of a combination of individual functional elements (e.g., screw conveyor, perforated plates,
knives). This setup, and in particular the chosen cutting set, influences the characteristics of ground meat and hamburgers
produced. In this study, we took a closer look at the effect of cutting set variations and process parameters on structural,
functional, and physicochemical properties of beef hamburgers produced. It was found that the specific mechanical energy
input during grinding increased when cutting levels, i.e., a set of one hole plate and one knife, were increased, causing more
cell disintegration (r=0.387, p=0.02). Surprisingly though, an influence on the functional and quality parameters of the
hamburgers could not be found for most parameters tested. The findings indicate that variations in the cutting set affect the
process parameters and the stress applied to the meat, but residence times in this zone are too small to cause noticeable effects
on the analytical and qualitative properties of hamburgers. As such, there are options for energy and cost optimization of
industrial grinding processes without sacrificing quality.

Keywords Hamburger - Process—structure—function relationship - Perforated discs - Knives - Ground meat characteristics

Introduction

Sausages, ground meat, and other ground meat products are
very important product classes in the German meat industry
[1], using grinding as a key processing technique for size
reduction. As the meat industry has shifted from small-scale,
handcrafted to high-capacity, industrial-scale production
[2], maintaining high product quality requires optimal pro-
cess design based on in-depth knowledge of processes and
mechanisms. The choice of a suitable cutting set, i.e., the
specific combination of a series of hole plates and knives, is
crucial for the size reduction in the grinder [3, 4], affecting
the morphological structure and thus the physicochemical,

P4 Jochen Weiss
j-weiss @uni-hohenheim.de

Department of Food Material Science, Institute of Food
Science and Biotechnology, University of Hohenheim,
Garbenstr. 25, 70599 Stuttgart, Germany

DIL German Institute of Food Technologies,
Prof.-von-Klitzing-Str. 7, 49610 Quakenbrueck, Germany

3 DIL Technology GmbH, Prof.-von-Klitzing-Str. 7,
49610 Quakenbrueck, Germany

sensory, and functional properties of ground products such
as hamburgers [5—13].

Meat is an anisotropic, plasto-elastic material with a
fibrous structure, able to store and release forces to a certain
degree [4, 13—17]. When meat is conveyed through grinders,
it is subjected to shear forces and wall friction between the
rotating grinding screw, the meat, and the housing. In the
cutting set zone, the material is comminuted by the super-
imposition of irreversible deformations [4, 12, 17, 18].
During conveying, the grinding screw compresses the meat
and creates a pressure gradient with the highest pressure in
front of the cutting set [12, 17-19]. The comminution of
meat already begins during the conveying and that asso-
ciated compression, due to the applied pressure and shear
forces [12, 15, 20, 21]. The applied forces disintegrate the
inner structures of the meat due to mechanical overload-
ing, while the rotating knives of the cutting set then cut the
extruded meat strands by applying shear forces. This results
in reduced particle sizes of the raw material [3, 12, 17, 22,
23].

A cutting set contains several static hole plates and rotat-
ing knives with different geometries, layouts, and amounts of
combined plates and knives depending on the raw material,
the process, and the desired product properties. The number
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of combined plates and knives determines the number of
cutting levels [3]. The meat-cutting processes on the hole
plates are mainly influenced by the knife sets, the number of
blades, and the speed of rotation [2, 3]. The knife geometry
affects the continuous flow of the raw material, following
the principle of drag flow [3, 12, 18]. Increasing the num-
ber of blades per knife can result in a more uniform and
smaller particle size of the ground meat, and significantly
increases throughput [3, 17]. On the other hand, excessive
knife speed can negatively affect the cutting process due to
increased abrasion of the cutting tools and material [23]. The
sharpness of the knife sets is crucial for the quality of the
produced ground product. Sharp knives protect the material
by cutting it rather than squeezing it, thus reducing frictional
forces and juice leakage [2, 24]. A non-optimal adjusted
arrangement and speed of the knives can negatively affect
the process, e.g., by causing a blockage of the cutting set,
increasing energy consumption, and abrasion [17, 23], and
leakage of liquid, ultimately reducing product quality [25].

Intense processes might also cause stronger oxygen incor-
poration into the meat mass during manufacturing which
accelerates the oxidation processed [26]. Besides the oxida-
tion of myoglobin to metmyoglobin, fats and other compo-
nents are oxidized due to higher oxygen exposure. As it is
reported that the oxidation of lipids and myoglobin follow
the same mechanisms based on oxy-free radical generation,
myoglobin and metmyoglobin might be used as quality deg-
radation indicators [27, 28].

The hole plates are essential for the size reduction per-
formance and quality of the grinding process. Hole plates
narrow the outlet area of the grinder and facilitate pressure
buildup [12, 18], allowing for fixation of the raw material
during rotational cutting and, ensuring the comminution of
the raw material by partial ruptures through sharp-edged
holes [29]. The size of the drill holes determines the particle
sizes [29]. It was reported that applied forces are reduced
the larger the drill holes of the plate [17]. A higher num-
ber of drilled holes increases the throughput of a grinder,
but higher pressures on the bridges between the holes can
increase abrasion [30]. Zhao and Sebranek [31] reported
that an improved adjustment of the hole sizes of the plates
improves the sensory quality of the products. Mechanical
over-processing can cause cell structure disintegration and
meat juice leakage [2, 29]. As a consequence, stepwise com-
minution in the cutting set results in the best comminution
performance and involves combining knives and hole plates
with varying diameters [2, 15]. This method pre-cuts meat at
larger diameter hole plates and disintegrates the collagenous
structures before the final size reduction. Knowledge about
the influence of the cutting sets on structural and quality
parameters of ground meat is primarily based on practical
experience gained over several decades [19, 23, 32-34].
Based on this knowledge it was hypothesized, that cutting
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sets with inclined drill holes and with fewer cutting levels
cause less cell disintegration, thus causing fewer changes in
the structural, physicochemical, and functional properties of
the hamburgers. The aim of the present study is therefore to
investigate correlations between cutting set composition and
the morphological, physicochemical, and functional proper-
ties of beef hamburgers.

Materials and methods
Materials and sample preparation

The hamburgers were produced according to the production
flowchart in Fig. 1.

Beef from the flanks of heifers (M. obliquus externus
abdominis, M. transversus abdominis, M. obliquus internus
abdominis; Prandl, Fischer [35]) was purchased from MEGA
(MEGA—Das Fachzentrum fiir die Metzgerei und Gas-
tronomie eG, Stuttgart, Germany), manually standardized
to 20% fat, roughly freed from tendons and cut into cubes
of ca. 5X5x5 cm size. The standardized meat material was
homogeneously mixed at 32 rpm for 30 s in left-hand rota-
tion and for 30 s in right-hand rotation in a horizontal paddle
mixer (Paddle mixer type RC-40, Equipamientos Carnicos,
S.L., Mainca, Barcelona, Spain). Until further manufactur-
ing, 75% of the meat was stored at T=1 °C, and 25% was
frozen to a core temperature of 7=— 12 °C overnight. The
temperatures were chosen to ensure that frictional heat gen-
erated during grinding is sufficiently counteracted to prevent
protein denaturation. The cooled and frozen meat cubes were
mixed in the horizontal paddle mixer for 30 s at 32 rpm in
left-hand rotation to ensure homogeneous distribution and
first ground to a particle size of 13 mm using a meat grinder
(Forschungsautomatenwolf Typ AE 130, Maschinenfabrik
Seydelmann KG, Stuttgart, Germany) equipped with a three-
part cutting set (pre-cutter, 4-blade knife, 13 mm inclined
end hole plate). Throughout the entire experiment, the rota-
tional speed of the meat grinder was set to 20 rpm at the
feeding screw and 187 rpm at the grinding screw. The pre-
ground 13 mm meat was ground to a final particle size of
3 mm in the second grinding step. Batches of ca. 10 kg were
separately ground using different cutting set compositions
(Fig. 1). Details of all cutting set parts are listed in Table 1,
and the cutting set variations are displayed in Fig. 1. One
cutting level (CL) is thereby defined as the combination of
one hole plate and one knife. In straight hole plates, the
drill holes are drilled perpendicular to the surface of the
perforated disc, whereas the drill holes in the inclined hole
plates are arranged in a spiraling pattern with a certain angle
inclined to the surface [33, 34]. The ratio between the total
drill hole area and total plate area is 0.42 for the straight
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Fig. 1 Flowchart of the ham-
burger manufacturing with dif-
ferent cutting set compositions
during second grinding and
details on cutting set variations
(CL cutting level, MHP middle
hole plate, EHP end hole plate)
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[ Forming (d =10 cm, h=0.9 cm, m =90 g, p =5 bar, separately) ]

\

Beef hamburger

(6 batches, produced with different cutting set compositions)

Sample code

Description of cutting set variation

1CL/inclined
2CL/10 mm/inclined
2CL/7.8 mm/inclined
1CL/straight
2CL/10 mm/straight
2CL/7.8 mm/straight

Spacer - Knife 1 - 3 mm EHP inclined
Spacer - Knife 1 - 10 mm MHP inclined - Knife 2 - 3 mm EHP inclined
Spacer - Knife 1 - 7.8 mm MHP inclined - Knife 2 - 3 mm EHP inclined
Spacer - Knife 1 - 3 mm EHP straight
Spacer - Knife 1 - 10 mm MHP straight - Knife 2 - 3 mm EHP straight
Spacer - Knife 1 - 7.8 mm MHP straight - Knife 2 - 3 mm EHP straight

3 mm end hole plate and 0.44 for the inclined 3 mm end
hole plate.

The ground meat was formed using a modified hamburger
press (MH-100 (modified), Equipamientos Carnicos, S.L.
(Mainca), Barcelona, Spain) by applying p =5 bar forming
pressure. The hamburgers weighed m =90 g, had a height
of h=0.9 cm, and a diameter of d=10 cm. The experiment
was performed in duplicate.

Methods
Chemical composition of hamburgers

Before the water, fat, and protein determination, one ham-
burger per batch was homogenized for 30 s in a blender

(Blixer® 2, Robot-Coupe, Montceau-en-Bourgogne, France).
The water content was determined from the meat mass by
the sea-sand method (§64 LFGB L 06.00-3 [36]), the fat
content by Soxhlet extraction (Biichi 810, Biichi Labora-
toriums-Technik AG, Flawil, Switzerland) from the resi-
dues of the water determination (§64 LFGB L 06.00-6 [36]
and the protein content by the Dumas’ combustion method
(Dumatherm N Pro, C. Gerhardt GmbH & Co. KG, Konig-
swinter, Germany) (§64 LFGB method L 06.00-20 [36]
using a nitrogen-to-protein conversion factor of 6.25 [37].
The Dumas method as a rapid method was chosen due to the
large sample sizes analyzed. The pH was determined using a
puncture electrode (Microprocessor pH Meter 537 equipped
with electrode WTW SenTix Sp, Xylem Analytics Germany
Sales GmbH & Co. KG, Weilheim, Germany).
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Table 1 Details of all cutting set parts used in the first and second grinding

Description Product-Number Producer Photo
Plastic spacer for meat ) Maschinenfabrik Seydelmann KG, )
grinder Stuttgart, Germany
Pre-Cutter 2031809 T turbocut Joop GmbH, Bad Neustadt an der

Sale, Germany

turbocut Joop GmbH, Bad Neustadt an der

4-bladed knife 1 tc E130 Sale, Germany
4-bladed knife 2 t E130 turbocut Joop GmbH, Bad Neustadt an der
Sale, Germany
Inclined 13 mm hole turbocut Joop GmbH, Bad Neustadt an der
T2 E13
plate Sale, Germany
Inclined 10 mm hole turbocut Joop GmbH, Bad Neustadt an der
T2 E10
plate Sale, Germany

turbocut Joop GmbH, Bad Neustadt an der

Straight 10 mm hole E/10 Sale, Germany

plate

Inclined 7.8 mm hole

plate T2E 7.8 turbocut Joop GmbH, Bad Neustadt an der

Sale, Germany

Straight 7.8 mm hole turbocut Joop GmbH, Bad Neustadt an der

plate E/78 Sale, Germany
Inclined 3 mm hole turbocut Joop GmbH, Bad Neustadt an der
T2 E3
plate Sale, Germany
Straight 3 mm hole turbocut Joop GmbH, Bad Neustadt an der
E/3
plate Sale, Germany
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Histochemical analyses

The amount of non-intact cells (ANIC) in the hamburgers
was histochemically assessed using a previously described
method by Berger, Gibis [6] and Berger, Witte [7] follow-
ing the official guidelines of § 64 LFGB (L 06.00-13) [36].
The ANIC was calculated based on the results of the point-
count method, where the amount of non-intact cells in thin
cryo-cut cross sections of the hamburgers was counted. Per
sample at least n =06 cross sections were investigated, and
two cross sections each were averaged. The mean and the
standard deviation of the three repetitions was calculated.

Determination of drip loss

The centrifugation method was used to determine the drip
loss of the hamburgers. According to Berger, Gibis [6]
and Berger, Witte [7], a 10 g sample was centrifuged for
20 min at 5 °C and 24,040g (Centrifuge Z32HK, Hermle
Labortechnik GmbH, Wehingen, Germany). The drip loss
was obtained by differential weighing.

Determination of firmness by forward extrusion

The forward extrusion method described by Berger, Gibis
[6] was used to determine the firmness of the ground meat.
For this, a texture measurement device (Instron, Model
3365, Instron Engineering Corporation Ltd, Massachusetts,
USA) recorded the required force to press ground meat
through a cylinder (d=50 mm) with a 7.5 mm hole opening
at a crosshead speed of 0.33 mm/s.

Grilling procedure of hamburgers

Frozen hamburgers were grilled on an electric contact
grill (Nevada, Neumirker, Hemer, Germany) for 150 s
at 200 +£5 °C until a core temperature of 72 °C had been
reached. Hamburgers were covered by a sheet of aluminum
foil on both sides, to prevent sticking and disintegration on
the surface of the grill. The hamburgers were allowed to cool
to ambient temperature for at least 30 min and stored airtight
in plastic bags until further analyses.

Determination of hardness by Warner-Bratzler shear cell

Hamburgers were grilled as described in “Grilling procedure
of hamburgers” and allowed to cool to ambient temperature
for at least 30 min. Then strips (width: 1.5 cm) were manu-
ally cut from the center to ensure sample homogeneity. The
hardness of the grilled hamburger was analyzed by a tex-
ture analyzer (Model 3365, Instron Engineering Corpora-
tion Ltd., Massachusetts, USA) equipped with a V-shaped
Warner—Bratzler guillotine (63° opening angle and 60 mm

opening height). A crosshead speed of 250 mm/min was
applied to cut through the sample completely. The maximal
shear force (N) was recorded (n =24 per sample).

Preparation of the extracted meat solution

Extracted meat solutions from all samples were produced
to be used in further analyses. Following the instructions of
Berger, Witte [7], hamburgers were diluted 1:10 with 10 mM
potassium phosphate buffer (pH 7, T=2 °C), filtered, and
stored cooled in brown glass bottles until further analysis.

Determination of soluble protein content (SPC)

The amount of soluble protein in the extracted meat solution
was quantified in triplicate through rapid nitrogen analysis
according to the Dumas combustion method (Dumatherm
N Pro, C. Gerhardt GmbH & Co. KG, Koénigswinter, Ger-
many) [36]. The rapid Dumas method was used due to large
sample sizes. A nitrogen-to-protein conversion factor of 6.25
according to Mariotti, Tomé [37] was used.

Determination of myoglobin (Mb) and metmyoglobin
(MetMb) content

Oxidative changes of meat pigments were assessed by pho-
tometric determination of the myoglobin (Mb) and metmy-
oglobin (MetMb) content of the respective extracted meat
solution, as already described by Berger, Gibis [6] (MetMb
determination) and Berger, Witte [7] (Mb determination).
For this, 100 pL of each meat extract was transferred into
a 96-well transparent plate (NunclonTM Delta Surface,
Thermo Fisher Scientific, Roskilde, Denmark) and absorp-
tion spectra were recorded at 25 °C using a microplate reader
(Biotek Synergy HT, Biotek Instruments, Inc., Winooski,
USA). The MetMb and Mb contents were then calculated
according to Trout [38].

Sensory and optical evaluation

Sensory and optical properties of grilled hamburgers (see
“QGrilling procedure of hamburgers”) were evaluated using a
10-point rating scale. A sensory score of 5 points represents
the compared reference standard. The reference was defined
as standard in pretests by sensory experts. For the sensory
evaluation, grilled and cooled (7=7 °C) hamburgers were cut
into quarters using a standardized cutting template. For reheat-
ing before the sensory testing, one hamburger was placed
on a melamine plate (white melamine plate 190X 145 mm,
WACA-Kunststoffwarenfabrik, Halver, Germany), cov-
ered with another plate of the same type and reheated in a
microwave (model HF15M541, Siemens Aktiengesellschaft,
Munich, Germany) under standardized conditions (P=800 W;
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t=45 s) to a core temperature of 7=70+2 °C. The param-
eters hardness, juiciness, texture, and overall acceptability of
the hamburgers were assessed. For optical evaluation, cooled
hamburgers were cut cross-sectionally with a slicer (Bizerba
VS8A, Wilhelm Kraut GmbH & Co. KG, Balingen, Ger-
many), and the inner structure was evaluated in terms of the
coarseness of the particles, amount of batter-like substance and
overall acceptability. The sensory evaluation was performed
using a 10-point scale (0=harder/dryer/compacter/worse/finer/
more batter-like substance and 10=softer/juicer/looser/better/
coarser/less batter-like substance). Each sample was evaluated
by at least n= 18 panelists. The panel consisted of persons of
different genders, ages, and backgrounds making the sensory
test diverse and enabling to reduction of errors. Informed con-
sent was obtained from each panelist prior to their participa-
tion in the study.

Process control parameters

The grinding screw torque was recorded during the second
grinding by the operating software of the meat grinder (S7-To-
Excel Tool—Expert—for Windows, Tréger Industry Compo-
nents, Weiden, Germany) for all batches produced with differ-
ent cutting set compositions. The idle torque of the grinding
screw was previously determined to be M=6.9+ 1.1 Nm (data
not shown). The mass flow was determined by weighing the
output of ground meat over the course of 15 s.

Determination of specific mechanic energy input (SME)

The mass-specific mechanical energy input SME (J/kg) as the
degree of shear strain during grinding was calculated accord-
ing to the following Eq. 1 and 2 [18, 39—41].

P

SME = —,
- (1)

P=WM- Mempty) X Prag, (2)

with P the average power during grinding process (W), M
the average grinding screw torque during grinding (Nm),
My the idling torque of grindin%ﬁicr:lrgw (Nm), i = %
being the mass flow (kg/s), n,,q = — " heing the
radial rotational speed of the grinding screw (s™!), and
Ngrindingscrew the rotational speed of the grinding screw sh.
The average torque during grinding is determined as the

torque during the plateau phase of grinding.
Statistical analyses
Two independent experiments (biological replicates) with

at least three analytical replicates (technical replicates)
were performed per cutting set variations. All results are
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presented as mean + standard deviation or mean + standard
error (torque profiles), both calculated by MS Excel (Micro-
soft, Redmond, WA, USA), plotted with OriginPro 2020
(OriginLab Corporation, North Hampton, MA, USA), and
statistically analyzed using SPSS (IBM SPSS Statistics 26,
IBM Deutschland GmbH, Ehningen, Germany).
Shapiro—Wilk and Levene tests were used to check the
normal distribution and variance homogeneity of the data.
An analysis of variance (ANOVA) was performed by apply-
ing the Tukey post hoc test for data sets tested for vari-
ance homogeneity (confidence interval of 95%, p=0.05).
Additionally, a two-factorial analysis of variance (two-
way ANOVA) was performed for the sensory and optical
attributes using the Tukey post hoc test (confidence inter-
val of 95%, p=0.05). For data sets without homogeneous
variances, a robust Welch-ANOVA with a Games—Howell
post hoc test was performed (confidence interval of 95%,
p=0.05). To assess the linear correlation between two nor-
mally distributed variables, a Pearson correlation analysis
was carried out. A statistically significant difference between
means was considered if p <0.05 and is indicated by small
letters attached to the mean value of the measurement.

Results and discussion
Chemical composition

The hamburgers in this study were produced according to
German guidelines for meat and meat products and con-
tained beef only, i.e., no salt or spices were added [42]. They
were composed of 60.9 +0.8% water, 19.8 +0.7% fat, and
18.75 £0.07% protein, and had a pH of 5.75 +0.03.

Structural changes

As a parameter for structural changes in hamburgers upon
manufacturing with different cutting set compositions, the
amount of non-intact cells (ANIC) was determined. Figure 2
shows the ANIC of the hamburgers at different cutting set
compositions.

The ANIC of the hamburgers ranged from
10.82 +0.84 vol% in the system equipped with one inclined
cutting level (1CL/inclined) to 14.43 +£0.18 vol% in the
system with two straight cutting levels and a 7.8 mm mid-
dle hole plate (MHP) (2CL/7.8 mm/straight). The statisti-
cal analysis revealed that there was a significant difference
between the 1CL/inclined and 2CL/straight with both sizes
of MHP. All other combinations showed no significant dif-
ferences (Fig. 2). As initially hypothesized, the cutting set
with the inclined drill holes resulted in lower or compara-
ble ANIC as the straight drill holes. This is in agreement
with the results of Biichs [34] and Haack [43], who reported
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Fig.2 Data distribution of the amount of non-intact cells (ANIC) as
a box plot for samples ground with different cutting set compositions
(CL cutting level). Data points with different letters are significantly
different (p <0.05)

that the use of inclined hole perforated discs in the grinding
process improved the quality of the resulting ground meat.
This might be caused by the entrance angle of the meat in
the cutting set, which is lower if the drill holes are inclined;
thus frictional forces are reduced, and fewer cells get disin-
tegrated [4, 33, 34, 43]. Further, the assumption that fewer
cutting levels cause less cell disintegration could be con-
firmed. This result contrasts with the finding of Barbut [2]
and Haack, Schnickel [3], who stated that the size reduction
is most gentle if the size is reduced gradually. Considering
the working principle and size reductions mechanism in a
meat grinder, which is based on pressure buildup and shear-
ing, the difference can be explained by less frictional force
and less pressure acting on the meat if fewer cutting levels
are used [3, 17, 44, 45]. The effect of reduced forces prob-
ably outweighs the large difference in the particle size before
and after grinding.

However, the difference between the lowest and the high-
est ANIC amounts to about 4 Vol.%, thus structural changes
due to cutting set variations were relatively small. Further-
more, none of the examined cutting set variations exceeded
the legal limit of 20 vol% of destructed cells [42].

Changes in mechanical process control parameters

The specific mechanical energy input was used as a param-
eter to rate the mechanical load of the material during the

Fig.3 Specific mechanical energy input (SME) during the second
grinding of beef equipped with different cutting set compositions (CL
cutting level). Data points with different letters are significantly dif-
ferent (p <0.05)

second grinding [18, 40, 41]. The SME during the second
grinding with different cutting set compositions is illustrated
in Fig. 3.

Figure 3 shows that the SME was significantly reduced
at fewer cutting levels (1CL/inclined: 1.2 +0.05 kJ/kg;
2CL/7.8 mm/inclined: 2.4 +0.3 kJ/kg) and when hole
plates with inclined drill holes were used (1CL/inclined:
1.2 +£0.05 kJ/kg; 2CL/straight: 1.54 +£0.06 kJ/kg). This
might also be attributed to the entrance angle of the meat
to the drill holes, as previously described [17, 23, 33].
However, the use of different sizes of MHP did not signifi-
cantly affect the energy input during grinding. Since Haack,
Schnickel [3] and Schnickel, Krickmeier [46] reported a
gentler grinding if particle sizes were reduced gradually, it
was assumed that the 7.8 mm MHP might result in lower
energy use, as the size reduction was more uniform. How-
ever, this could not be proven in this study.

Figure 4 shows the grinding screw torque during the sec-
ond grinding with different cutting set compositions.

Similar to the SME, the torque was lower when using
fewer cutting levels (1CL/inclined: ca. 25 Nm; 2CL/
straight: ca. 40 Nm). Torque is defined as a measure of
the energy the motor needs to provide into the process
[18]. Following this, higher torque values go along with
a stronger load in the processed meat which confirms the
higher ANIC when using more cutting levels (Fig. 2). Fur-
thermore, it must be emphasized that pressure differences
in the cutting set compositions occurred (Fig. 4). Although
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the pressure in the cutting set using one cutting level
was higher than that using two cutting levels, the ANIC
(Fig. 2) and SME (Fig. 3) wewre lower. A pressure differ-
ence between the same composition at different geometry,
e.g., ICL/straight vs. 1CL/inclined, was not detected, and
thus the small difference in total drill hole area did not
influence the pressure buildup. One can thus conclude that
the additional shear forces due to the additional cutting
plate outweigh the influence of the higher pressures.

A Pearson correlation analysis between the process-
related parameter SME and the structural parameter
ANIC showed a significant, positive correlation (r=0.387,
p=0.020). This underlines the hypothesis that increased
mechanical stress caused more cell disintegration and is
in agreement with previous studies [6, 47, 48]. It further
indicates that both the composition of the cutting set as
well as the choice of the hole plates and the size of the
drill holes influence the induced frictional forces occur-
ring during the grinding process and thus the quality of the
end product. This conclusion was also reached by Haack,
Schnickel [3].
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Influence on physicochemical and functional
properties of hamburgers

The effect of cutting set composition on the physicochemical
and functional properties of the hamburgers was investigated
in terms of the raw hamburgers drip loss (DL) and firmness,
the extracted meat solutions’ soluble protein content (SPC),
the myoglobin (Mb) and metmyoglobin (MetMb) content,
and the fried hamburgers hardness. An optical and sensory
evaluation was performed to assess the quality of the ham-
burgers. Further, possible correlations of the parameters
with the ANIC and SME were checked and are summarized
in Table 2.

The drip loss of the raw hamburgers ranged from
3.79+0.99% for the sample produced with one cutting level
and inclined drill hole to 4.87 +1.07% for the sample pro-
duced with two cutting levels, the 10 mm EHP and straight
drill holes, as shown in Fig. 5.

However, no statistical differences could be found
between the samples. Since literature reports an increased
leakage of intracellular contents from samples with an
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Table2 Pearson correlation coefficients r of specific mechanical
energy input (SME), amount of non-intact cells (ANIC), drip loss
(DL), soluble protein content (SPC), metmyoglobin content (MetMb),

myoglobin content (Mb), firmness (via forward extrusion) and hard-
ness (via Warner—Bratzler shear cell (WBS)) of hamburgers and meat
extracts produced with different cutting set compositions

Parameter SME (kJ/kg) ANIC (%) DL (%) SPC (%) MetMb (mg/mL) Mb (mg/mL) Firmness Hardness (WBS) (N)
(extrusion)
N)
SME (kJ/kg) 1 0.387* -0.167 —0.409*% —0.364* —0.542%%* -0.129 —0.030
ANIC (%) 0.387* 1 0.082 -0.224 —0.300 —0.366%* —0.187 —0.337*
DL (%) -0.167 0.082 1 0.554**  0.194 0.499% —0.689**  0.127
SPC (%) —0.409%* -0.224 0.554%* 1 0.481%* 0.767%* —0.546**  0.122
MetMb (mg/mL) —0.364* —0.300 0.194 0.481** 1 0.788%** —-0.322 0.083
Mb (mg/mL) —0.542%%* —0.366*%  0.499*%*  0.767**  0.788%* 1 —0.554**  0.219
Firmness (extrusion)  —0.129 —0.187 —0.689%* —0.546** —0.322 —0.554%%* 1 —0.323%%*
N)
Hardness (WBS) (N)  —0.030 —-0.337%  0.127 0.122 0.083 0.219 —0.323%* 1

*The correlation is significant at a level of 0.05

**The correlation is significant at a level of 0.01

increased number of destructed cells [3, 25], it was initially
postulated that the DL of the samples increases with increas-
ing ANIC and SME. However, Pearson correlation analy-
ses revealed no statistically significant correlation of the
DL with the ANIC (r=0.082, p=0.634) or with the SME
(r=-0.167, p=0.329).

The firmness of the raw ground meat was found to
range from 254.27+4.69 N (2CL/10 mm/straight) to
272.67+28.77 N (1CL/inclined). There too, no statistically
significant differences were detected between the samples
(Fig. 5). In their research, Acton [25] and Chesney, Mandigo
[49] reported that with decreasing particle sizes, the cohe-
siveness and binding strength of burger patties increased
due to increased cell disruption and release of intracellular
contents. Based on those findings, it was assumed that sam-
ples having a higher ANIC and thus consisting of a higher
number of smaller cells would have a firmer structure. A
Pearson correlation analysis, however, did not show a cor-
relation between the firmness and the ANIC in the present
study (r=—0.187, p=0.288).

The hardness of the grilled hamburgers was analyzed
using the Warner—Bratzler shear cell and varied between
2.92+0.18 N (2CL/7.8 mm/straight) and 4.62 +0.69 N
(2CL/10 mm/inclined) (Fig. 5). Figure 5 shows that there
is no statistically significant difference between samples
ground with different cutting set compositions. As the Pear-
son correlation analysis revealed a significant negative cor-
relation between the hardness and the ANIC (r=-0.337,
p=0.045, Table 2), the results are in line with the findings
of Chesney, Mandigo [49] who reported that the maximum
shear force in flaked pork meat decreased with decreasing
particle size.

The SPC in the samples produced with different cutting
sets ranging from 4.05 +0.96% (2CL/7.8 mm/straight) to

5.02+5.07% (1CL/inclined) with no statistically signifi-
cant differences between the different treatments (Table 3).
Based on previous findings that intracellular compounds
such as proteins or myoglobin may leak out when cell
gets disintegrated, an increased SPC was assumed [3, 25,
49]. The Pearson correlation analysis revealed again no
significant correlation between the SPC and the ANIC
(r=-0.224, p=0.188, Table 2), but a significant, nega-
tive correlation between SPC and the SME (r=—0.409,
p=0.013, Table 2). This indicates a reduced SPC with
increasing SME and might result from the incorporation
of soluble proteins in network formation upon increasing
energy input. The results of this study are in line with the
findings of a previous work, where the authors also found
a decrease of SPC with increasing mechanical treatment of
the samples [6]. However, this is in contrast with the report
of Acton [25] and Haack, Schnickel [3], as the present
correlation would mean a reduced SPC with increasing
SME.

The Mb content of the extracted meat solutions was
determined as a measure for chemical changes, such as
oxidation. Mb is an intracellular compound and is released
during intense processing. Similar to the SPC, it was there-
fore assumed that the Mb content increases in samples with
higher ANIC [38, 50]. Contrary to that hypothesis, no differ-
ences in the Mb content in the samples’ meat extract could
be detected in the present study (Table 3). The Mb content of
the samples produced with different cutting set compositions
was around 0.05 mg/mL for all samples. A Pearson corre-
lation analysis (Table 2) based on this, however, was able
to find a significant negative correlation between Mb and
ANIC (r=-0.336, p=0.028), as well as a highly signifi-
cant negative correlation between Mb and SME (r=—-0.542,
p=0.001). This shows that the correlation is generally valid,
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Fig.5 Characterization of the functional properties: A drip loss (DL), » 10
B firmness, and C hardness (via Warner—Bratzler shear cell (WBS)) A
of beef hamburger ground with different cutting set compositions (CL -
cutting level). Data points with different letters are significantly dif-
ferent (p <0.05) 8 |

straight
inclined

but does not apply to the range of the examined parameter 6 -
variations, since the differences are too marginal.

The sensory and optical perception of the hamburgers
was tested by a sensory panel. The quality of the hamburg-
ers was rated in terms of hardness, juiciness, texture, and
overall acceptability in the sensory analysis as well as the -
coarseness, the amount of batter-like substance, and the
overall acceptability in the optical analysis. Table 4 shows 1
the results of the sensory and optical evaluation by the panel. s
All parameters in the sensory evaluation ranged around a
sensory score of 5, indicating that all tested samples were
comparable with each other and the pre-defined standard
(=sensory score of 5). The statistical differences in the sen-
sory attributes of the hamburgers produced with different
cutting set compositions were either non-existent (juiciness,
overall acceptance, Table 4) or only marginally expressed
(hardness, texture, Table 4). A Pearson correlation analy-
sis between the firmness of the hamburger in the forward
extrusion testing and the sensory parameters juiciness and
acceptability, respectively, revealed a significant negative
correlation (juiciness: r=—0.246, p =0.040, acceptability:
r=—0.303, p=0.011). This indicates that the samples were
rated juicier and better than the standard if the ground meat
was less firm, i.e., less force was necessary to extrude the
sample in the forward extrusion. An explanation for this
might be that samples with lower firmness might be able to 200 ] 1 1
better keep the moisture which improves the sensory per- straight
ception of juiciness. Comparable results were also obtained inclined
in the sensory evaluation of the samples, as the sensorially
determined hardness positively correlated to the juiciness
of the samples (r=0.595, p=0.001), Thus, this trend was
underlined.
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The overall acceptability of all hamburgers in the opti-
cal evaluation ranged around the standard with a sensory
score of 5 and was therefore comparable among all samples
(Table 4). However, some differences were detected in the
optical evaluation in terms of particle size. The hamburger
produced with the inclined cutting set using one cutting level
(1CL/inclined) was rated as the coarsest sample, whereas
the hamburger produced with the straight cutting set having -
a 7.8 mm MHP was rated the finest. Comparable results
were obtained for the ANIC, which is reasonable since they 0 . L L
are interrelated. A Pearson correlation analysis indicated a 1CL 2CL/A0 mm  2CL/7.8 mm
significant positive correlation between the firmness of the Cutting set composition
ground meat in forward extrusion and the optical assessed
particle size (coarseness: r=0.359, p=0.003, amount of
batter-like substance: r=0.323, p=0.006). These results

Hardness (WBS) [N]
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Table 3 Characterization of the physicochemical properties, soluble
protein content (SPC), myoglobin content (Mb), and metmyoglobin
content (MetMb) of extract meat solutions from hamburgers pro-
duced with different cutting set compositions

Cutting set composi-  SPC (%) Mb (mg/mL) MetMb (mg/mL)
tion
Inclined
1CL 5.02+£0.57* 0.06+0.02* 334.21+256.18"
2CL/10 mm 4.58+0.73* 0.06+0.02* 280.37+149.87*
2CL/7.8 mm 4.60+0.61* 0.05+0.01* 198.08+51.50*
Straight
1CL 4.19+£0.69* 0.05+0.01* 147.41+52.08*
2CL/10 mm 4.62+0.64* 0.05+0.01* 183.09+34.22°
2CL/7.8 mm 4.05+£0.96* 0.04+0.01* 138.98+13.42°

Data points with different letters are significantly different (p <0.05)

indicate that finer meat masses with smaller particle sizes
were softer and less cohesive. Those observations are in
accordance with the findings of Berger, Witte [7], who found
a lower firmness in samples with finer particle sizes. The
highly significant negative correlation between the optically
assessed particle size and the SME (r=-0.217, p=0.001)
underlines the previous statement. Samples with lower SME
input during grinding were rated as coarser, whereas samples
with higher SME were described as having a finer structure.

A two-way ANOVA (p £0.05) was performed, which
compared the influence of cutting set composition and the
geometry of the drill holes on the sensory parameters. It was
found that the differences are small and if differences occur,
the cutting set combination had a stronger influence than the
geometry of the drill holes. In most cases, the combination

2CL/7.8 mm differed from the other samples. However, even
though small differences in the individual sensory param-
eters could be identified, the overall acceptability in the sen-
sory and optical evaluation was the same for all samples.

As the differences in the sensory and optical analyses are
quite small, all samples range around the standard reference
(sensory score of 5). This indicates that the sensory quality
of the samples is neither increased nor decreased by the cut-
ting set composition. These results go along with the ana-
lytical physicochemical (Table 3) and functional parameters
(Fig. 5), which also did not point out any major differences
between the samples produced with different cutting sets.

Taking all results together, it can be concluded that
the variation of the cutting set did not, or only to a small
extent, influence the functional and quality parameters of
the hamburgers.

Conclusions

When grinding with different cutting set compositions,
differences in SME and smaller differences in ANIC were
observed, i.e., the variation in the cutting set influences the
stress and the structure of the meat to some extent. How-
ever, these relationships cannot be determined analytically
or by sensory analysis in the present study. This shows that
although the SME of the grinding with variating cutting sets
differed significantly, the structure of the meat (ANIC) was
only altered to a small extent. The study confirms previous
assumptions that the grinding process due to the short resi-
dence time of meat in the grinding zone is already designed
to be relatively gentle and that fluctuations in ANIC are

Table 4 Sensory evaluation of hamburgers in terms of hardness, juiciness, texture, and overall acceptability produced with different cutting set
compositions and optical assessment of hamburgers halves in terms of coarseness, amount of batter-like substance, and overall acceptability

Cutting set composi-  Sensory Optical
tion Hardness Juiciness Texture Overall acceptability Coarseness ~ Amount of Overall acceptability
batter-like
substance
Inclined
1CL 5.00+1.35* 4.73+1.55% 4.61+1.47*" 4.73+1.44° 511+£0.99° 5.06+1.14° 493+1.10°
2CL/10 mm 538+1.20%" 4.65+1.32% 5.02+1.21*" 4.88+1.347 4.84+0.97°¢ 4.66+1.19%° 4.83+0.72°
2CL/7.8 mm 548+1.38° 527+138 516+1.50° 5.33+1.61° 4.28+1.24*° 424+123° 453+1.21°
Straight
1CL 4994122 455+1.24° 4.84+131*° 4.82+1.29° 4784097 444+1.03*°  4.70+0.85
2CL/10 mm 454+1.30* 431+1.62* 419+1.30° 4.71+1.17% 426+1.19*° 4.32+1.23*° 4.59+0.94°
2CL/7.8 mm 553+1.41° 5.06+1.68" 534+1.56° 5.14+1.49° 3.98+1.30° 3.87+1.52% 438+1.13°

Prior to each evaluation, a reference was offered for examiner training (sensory score =>5). Sensory score 0 =harder/dryer/compacter/worse/finer/
more batter-like substance and 10 = softer/juicer/looser/better/coarser less batter-like substance

CL cutting level

Data points with different letters are significantly different (p <0.05)
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more likely to be caused by raw material variations, e.g.,
different breeds, age, species of cattle, or processing tem-
perature. Under the conditions tested, the composition of the
cutting set was found to be of minor importance to product
quality and functionality. Moreover, results suggest that even
though structural parameters vary as a function of process
parameters (SME), this may not noticeably influence the
function and quality of the product, as long as the cutting
set operates optimally (i.e., holes plates are not abraded, and
knives remain sharp). The results of this study are of practi-
cal relevance, as they broaden the possibilities of production
processes design and setup without having an impact on the
product functionality and quality.
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