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The effects of sodium tripolyphosphate (STPP), two sources of starch (potato starch: PS and rice starch: RS) and
comminution degree (CD) on the technological, instrumental and sensory characteristics of reformed hamswere
studied using response surface methodology. Both starches reduced cook loss and decreased ham flavour inten-
sity, but RS had stronger effects on instrumental measures of texture, while PS was associated with improved
juiciness when low/no added STPP was included. Coarsely ground meat, processed 100% with the kidney plate
was associated with slightly increased cook loss, reduced texture profile analysis parameters and a more intense
hamflavour compared to the other treatment (80% groundwith a kidney plate plus 20%with a 9mmplate). STPP
was the sole factor affecting overall liking. If starch is included in the formulation, the standard level of STPP
(0.3%) can be reduced by half with no increase in cook losses, but some decline in sensory quality cannot be
avoided.
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1. Introduction

The preparation of reformed cooked ham, also known as sandwich
ham, can help add value to cheap cuts and trimmings from e.g. pork
shoulder, through their incorporation into a relatively uniform and con-
venient cold ready-to-eat product. The correct binding of meat pieces is
important in the manufacturing process of these hams, as is the reten-
tion of the brine added, as these parameters help to define the yield
and the structure of the product. Optimal binding can be achieved
through mechanical and thermal processing plus the addition of func-
tional ingredients, which either enhance the functionality of the meat
proteins (i.e., salt and phosphates) or have a direct functional effect in
the meat system, such as starches (Boles & Shand, 1998; Petracci,
Bianchi, Mudalal, & Cavani, 2013).

The use of phosphates offers some remarkable advantages as they
are cheap, effective and easily handled. Additionally, they permit a re-
duction in the use of salt whilst maintaining technological quality and
they can improve the sensory quality of meat products (Moiseev &
Cornforth, 1997; Ruusunen, Niemistö, & Puolanne, 2002). However,
al y Ciencia de los Alimentos,
de Zaragoza – CITA, Zaragoza
their use inmeat processing is in decline due to the negative perception
of consumers - for example, phosphates have been shown to be gener-
ally considered an artificial, unhealthy and unfamiliar ingredient in
cooked ham (Petracci et al., 2013; Resconi et al., 2016) - and due to
the increased focus on clean label ingredients in food processing in
general.

It is well known that starch helps to retain water and can also affect
other quality characteristics of meat products, such as texture, sensory,
and colour. However, themagnitude of these effects differs according to
several factors such as the botanical origin of the starch, chemical/phys-
ical processing and concentration, the matrix in which it is acting, the
technological process, cooking temperatures, and salt concentration
(Li & Yeh, 2002; Skrede, 1989; Teye & Teye, 2011; Zhang & Barbut,
2005). For example, a reduction in hardness and other texture parame-
ters has been observed with starch inclusion in whole meat and
restructured products (Motzer, Carpenter, Reynolds, & Lyon, 1998;
Resconi et al., 2015; Schilling et al., 2003), whereas conflicting results
were found in comminuted meat products, such as meat batters and
sausages (Fernández, Cofrades, Solas, Carballo, & Colmenero, 1998;
Hughes, Mullen, & Troy, 1998; Pietrasik & Janz, 2010).

In reformed meat, a product is generally considered to be of higher
quality, the larger the pieces are, and the lower the level of extension
(Feiner, 2006). However, when large particle sizes are used, it is more
appropriate to use meat with less connective tissue (and fat) in order
to offset any potential adverse consequences in the visual appraisal of
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Table 1
Ingredient combinationsa and comminution degreeb (CD) according to the response sur-
face experimental design (d-optimal).

Run Block STPPc Rice starch Potato starch CD

1 Week 1 0.00 0.00 0.00 80/20
2 Week 1 0.30 2.00 0.00 80/20
3 Week 1 0.30 2.00 0.00 80/20
4 Week 1 0.15 0.33 1.33 80/20
5 Week 1 0.15 0.00 2.00 100/0
6 Week 1 0.00 2.00 0.00 100/0
7 Week 2 0.30 0.00 0.00 80/20
8 Week 2 0.30 0.00 0.00 80/20
9 Week 2 0.30 2.00 0.00 100/0
10 Week 2 0.00 0.00 0.00 100/0
11 Week 2 0.22 0.83 0.33 80/20
12 Week 2 0.30 0.00 1.00 100/0
13 Week 3 0.15 1.00 1.00 100/0
14 Week 3 0.00 0.00 2.00 80/20
15 Week 3 0.30 0.00 1.00 80/20
16 Week 3 0.00 2.00 0.00 80/20
17 Week 3 0.15 1.00 1.00 100/0
18 Week 3 0.30 1.00 0.00 100/0
19 Week 4 0.15 0.00 0.00 100/0
20 Week 4 0.00 1.00 1.00 80/20
21 Week 4 0.30 0.00 2.00 100/0
22 Week 4 0.15 2.00 0.00 100/0
23 Week 4 0.00 1.00 1.00 80/20
24 Week 5 0.07 0.33 0.33 80/20
25 Week 5 0.30 0.00 2.00 80/20
26 Week 5 0.00 0.00 2.00 100/0
27 Week 5 0.30 0.00 0.00 100/0
28 Week 5 0.00 0.00 2.00 100/0

a Expressed in % by weight in the brinedmeat. All hams also included pickling salt (2%)
and sodium ascorbate (0.05%).

b 100/0: 100% of coarsely ground meat using a kidney plate; 80/20: 80% plus 20% of
meat ground with a kidney plate and a 9 mm plate, respectively.

c STPP: sodium tripolyphosphate.
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the product. Hence, raw meat pieces are generally reduced with plates
of different diameters or just passed through a mincer worm (Feiner,
2006). Nonetheless, the shape and size of the meat pieces could further
affect the characteristics of the reformed product such as yield, instru-
mental texture and eating quality (Berry, Smith, & Secrist, 1987;
Cofrades et al., 2004). This may be further complicated by action of
non-meat ingredients that could interact differently according to the
particles size (Boles & Shand, 1998; Cofrades et al., 2004; Nielsen,
Høegh, & Møller, 1996).

Due to the complex nature of the product and the interactions be-
tween influential parameters, more studies are required to enhance
the understanding of the effects of starch in different meat matrices
and to study possible interactions between ingredients, modulated by
technological factors. Information generated could facilitate more
straightforward optimization of ingredient usage levels in reformed
products and permit a streamlining of new product development. Re-
sponse surface/mixture design methodologies represent useful ap-
proaches to assess those aspects (Amini Sarteshnizi, Hosseini,
Bondarianzadeh, Colmenero, & Khaksar, 2015; Keenan, Resconi, Kerry,
& Hamill, 2014; Resconi et al., 2015). The objective of the present
study was to analyse the possibilities for phosphate substitution with
two types of starch (potato and rice) in reformed hams prepared with
meat with different comminution levels, considering technological, in-
strumental and sensory aspects in a response surface design.

2. Materials and methods

2.1. Design of the experiment

A response surface methodology (RSM) based on d-optimal experi-
ment was designed using Design Expert software (v. 7.6.1, Stat-Ease
Inc.). Four factors were studied:

• STPP, sodium tripolyphosphate, at 0–0.3% w/w in the brined muscle
(Carfosel™, supplied by Redbrook Ingredient Services Ltd.,
Mulhuddart, Ireland);

• PS, modified potato starch, at 0–2% (AllinAll Ingredients Ltd., Dublin,
Ireland);

• RS, rice starch, at 0–2% (Remyline XS, Beneo, supplied byHealy Group,
Dublin, Ireland); and

• CD, comminution degree, with two levels: 100% coarsely groundmeat
using a kidney plate (100/0), and 80% groundwith a kidney plate plus
20% of meat ground with a 9 mm plate (80/20).

A constraint (PS + RS ≤ 2%) and a block effect were included in the
experimental design, and 28 runswere generated byDesign Expert soft-
ware (18 model points, five points to estimate lack of fit and five repli-
cates) within five blocks or weeks of processing. Each run represents a
combination of the three ingredients for the brine formulation with
one of the two comminution levels studied (Table 1).

2.2. Processing of hams

The experiment was conducted over five weeks with five or six ham
formulations (runs) prepared each week, according to the design pre-
sented in Table 1. Each week, pork shoulders from female pigs, 4 days
after slaughter (Rosderra Irish Meats Group, Edenderry, Ireland), were
transported to the pilot scale abattoir and meat processing facility at
Teagasc Food Research Centre Ashtown. Shoulders were excised and
trimmed of excess fat (90–95% lean). The meat was ground with differ-
ent plates: kidney and a 9 mmplate were used to prepare the two level
of comminution studied (100/0 and 80/20), as explained in the Section
2.1. Brines were preparedwith levels of STPP, RS and PS specified by the
design. Brines also contained pickling salt (0.5–0.6% NaNO2, ESCO - Eu-
ropean salt company, Hanover, Germany) and sodium ascorbate (Aland
Nutraceutical Co. Ltd., Jiangsu, China) at 2.5% and 0.05% of the brined
meat weight, respectively. The ground meat and the brine, yielding
120% of green meat weight, were mixed (MAINCA, Equipamientos
Cárnicos SL, Barcelona, Spain) for 30 min (15 min clockwise and
15 min anti clockwise). After mixing, 2.5 kg of the mixture was vacuum
packed using cooking bags (Food Processing Technology LTD, Dublin,
Ireland), placed in metal rectangular casings and stored over night at
2–4 °C. The following day, hams were steam cooked in a Rational®
oven (Germany) at 100% relative humidity at 85 °C to a core tempera-
ture of 72 °C. Hams were subsequently chilled (2–4 °C, 24 h) before
being sub-sampled and vacuum packed for subsequent analyses [ex-
pressiblemoisture (day 1), colour, texture profile analysis (day 5), com-
position (day 7) and sensory (days 2 and 9)].

2.3. Weights and pH

pH (Thermo Orion Multimeter 250A, Orion Research Inc.) of brine,
raw meat (4 days post mortem), and brined meat was recorded in du-
plicate. Meat weights were recorded after brining and cooking from
which cook loss was calculated.

2.4. Composition analysis

Two 20 mm thick samples were homogenised in a Robot Coupe
(R101, Robot Coupe SA, France). Intramuscular fat and moisture con-
centrations of minced samples were determined using the Smart Sys-
tem 5 microwave moisture drying oven and NMR Smart Trac rapid Fat
Analyser (CEM Corporation USA) using AOAC Official Methods 985.14
& 985.26, 1990. Protein concentration was determined using a LECO
FP328 (LECO Corp., MI, USA) Protein analyser based on the Dumas
method and according to AOAC method 992.15, 1990. Salt (NaCl) was
determined by titrating chloride ions in ashed (by furnace) samples
with silver nitrite using the Mohr method (Kirk & Sawyer, 1991). All
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analyses were performed in duplicate, although further repetitions
weremadewhen a high standard deviationwas obtained. Carbohydrate
content was calculated [100 − (moisture + ash + crude
fibre + fat + crude protein)].

2.5. Colour

Ham colour (CIE L*a*b* system) was measured using a dual beam
xenon flash spectrophotometer (Ultrascan XE, Hunterlab), with light il-
luminant D65, standard observer angle (8°) and a 25 mm port size. All
values were the average of six independent measurements collected
at random from duplicate ham slices (20 mm thick). Reflectance mea-
surements were obtained at wavelengths of 570 and 650 nm, from
which the cured colour ratio = 650 nm/570 nm (Sindelar, Cordray,
Sebranek, Love, & Ahn, 2007) was calculated.

2.6. Texture profile analysis and expressible moisture

Texture profile analysis (TPA) and expressiblemoisturewere carried
out using an Instron Universal Testing Machine (5542) using a 25 mm
circular flat disk equipped with a 500 N load cell (Instron Ltd., High
Wycombe, UK). For TPA, eight cores (diameter 25 mm) from the two
slices (20 mm thick) were axially compressed (5 cm min−1) to 50% of
the original height in a two cycle compression (Bourne, 1978). For ex-
pressible moisture, four cores (19 mm diameter × height 12.7 mm)
were weighed and individually placed between two filter papers
(12.5 cm Whatman No.1) to absorb expressed moisture (Schilling,
Marriott, Acton, Anderson-Cook, Alvarado & Wang, 2004). Cores were
axially compressed (100 mm min−1) between plates at a height of
3.2mm(75% compression), held for 15 s and then re-weighed. Express-
ible moisture (%) = [(initial weight − final weight)/initial
weight)] × 100.

2.7. Sensory analysis

The panel consisted of eight members experienced in the analysis of
meat products. The sensory profilewas developed in two additional ses-
sions. The resultant descriptors were: intensity of pink colour (low–
Fig. 1. Contour plots presenting the response surfaces for cook loss in reformed hams, in relatio
expressed in % byweight of the brinedmeat. The remaining factors were fixed at the following s
degree: average. STPP: sodium tripolyphosphates.
high); number of holes (no holes–many holes); meaty odour, the
odour associated with cooked pork; cooked ham odour, the typical
odour associated with cooked ham; juiciness, amount of perceived
juice released from the product duringmastication (initial chews); ten-
derness, force required during the first bite between molars to deform
the sample; springiness, degree and rapidity of recovery from a
deforming force (compression by molar teeth); adhesiveness, force re-
quired to remove material that adheres to the mouth; cooked ham fla-
vour, the typical flavour associated with cooked ham; and saltiness,
taste of sodium chloride. Scores of the samples per plate were indicated
in a 10 cm structured lineal scale, transformed into a numerical scale
(0−100) for the statistical analysis. The quantitative descriptive test
was performed in individual cabinswith controlled environmental con-
ditions under red light (ISO-8589, 1988). The test comprised five week-
ly sessions, and excepting the first session, samples from hams cooked
on both the present and the previous week were presented (two repe-
titions per run) randomly in three/four samples per plate. Cross-sec-
tional slices of each ham, 2 mm thick, were cut into three portions,
wrapped in aluminium foil and marked with a random 3-digit code.
To avoid the possible effects of the order of presentation and first-
order carryover effects, the samples were presented in a balanced
order (Macfie, Bratchell, Greenhoff, & Vallis, 1989). To cleanse their pal-
ate between samples, panelists were given bottled water and unsalted
crackers.
2.8. Data analysis

Statistical analysis was performed using Design Expert software.
Eachmodel was selected, i.e., linear, quadratic, by evaluating the regres-
sion coefficient (R2) and lack offit obtained from the analysis of variance
(ANOVA). Models were considered significant when P values were
lower than 0.05. Automatic reduction algorithms were applied to re-
duce the number of insignificant terms in the models. For the response
expressible moisture, run 24 was identified as an outlier and therefore
excluded for the statistical analysis. In addition to the response surface
models, Pearson correlationswere calculated using SPSS (v. 18.0, Chica-
go, USA) software.
n to starch and phosphate level, expressed in percentages. The levels of the ingredients are
ettings: a) rice starch: 0, Comminution degree: average; b) Potato starch: 0, Comminution



Fig. 2. Interaction plots (comminution degree × rice starch) according to the response surfacemodels for colour in reformed hams: yellowness (b*), chroma and pink colour intensity. The
levels of RS are expressed in % by weight of the brined meat. The remaining factors were fixed at the following settings: STPP: 0.3, Potato starch: 0. MS: meat size. RS: rice starch. STPP:
sodium tripolyphosphates.
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3. Results and discussion

An RSM experiment was performed to evaluate the effect of meat
comminution level and two sources of starch (RS and PS) as substitutes
for conventionally used STPP in reformed cooked hams. Figs. 1–5 show
the representation of the predicted values of the response surface
models as contour or interaction plots. In the plots, the levels of one or
two factors are shown while the others are fixed to the levels specified
in thefigures. Table 3 presents several formulations selected to optimise
cooking loss and overall liking. Finally, a detail of themodel characteris-
tics of the responseswith significant effect (P b 0.05) for reformed hams
and the significance and F values of the individual, interaction and qua-
dratic effects is presented in the supplementary material (Tables A1–
A3).

In general, the two studied starch types (RS and PS) improved cook
loss and decreased ham flavour intensity in a similar fashion to each
other, but RS had stronger effects on the instrumental measures of
Fig. 3. Contour plots presenting the response surfaces for expressible moisture and juiciness in
meat. The remaining factors were fixed at the following settings: a) STPP: 0, Meat Size: averag
texture (expressible moisture and texture profile analysis, TPA), while
PS could improve juiciness in formulations when low/no added STPP
is included. Interaction between CD andRS effectswas found for the col-
our of the hams measured instrumentally and with a trained sensory
panel. Coarsely groundmeat resulted in a small increase in cook loss, re-
duced TPA parameters and produced amore intense ham flavour. Final-
ly, STPPwas the sole factor affecting overall liking, whichmay bemostly
explained by a reduced number of holes and improved juiciness of the
hams at higher phosphate levels.

3.1. Cook loss, pH and chemical composition

Cook loss data was fitted to a quadratic model (R2 0.97), and was
mainly affected by STPP and the interactions between STPP and each
starch (Table A1). As predicted, brined meat pH and the percentage of
moisture increased in the cooked hams with the rise of STPP in the
brine, while the cook loss was reduced (Table A1), as has been found
reformed hams. The levels of the ingredients are expressed in % by weight of the brined
e; b) rice starch: 0, Comminution degree: average. STPP: sodium tripolyphosphates.
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in previous papers (Lee, Hendricks, & Cornforth, 1998; Moiseev &
Cornforth, 1997; Trout & Schmidt, 1984). Phosphates function to in-
crease the binding and retention of themyofibrillar water due to the in-
crease in muscle pH and ionic strength and the disruption of the
myofibril structure when they are added (Bertram, Kristensen, &
Andersen, 2004; Lowder et al., 2013; Offer & Trinick, 1983; Trout &
Schmidt, 1986). Conversely, starches have a different mechanism of ac-
tion, i.e. they are thought to entrap the extra-myofibrillar water in
starchy gel structures (Resconi et al., 2015). The complementary nature
of theirmodes of actionmight explainwhy starchesweremore effective
in reducing cook loss when low amounts of STPP were added (Fig. 1).

Fig. 1 reveals thatwith the addition of approximately 1.25% of starch,
a 50% reduction in the use of STTP could be achieved, while maintaining
a similar cook loss as obtained when adding the traditional levels of
Fig. 4. Contour plots presenting the response surfaces for texture profile analysis parameters in
meat. The remaining factors were fixed at the following settings: STPP: 0, Comminution degre
STPP (0.30% in the brined meat). In the study of Zhang and Barbut
(2005), chicken meat batters produced with modified tapioca starch
had lower cook loss compared to products made with regular tapioca
starch and regular and modified potato starch. In the present study,
the two starches studied acted similarly and no synergistic effect was
observed. Fat and protein percentage were lowered by the two starches
(Table A1) as expected, since they provide carbohydrates, but their
functionality in retaining water might also have influenced the results.

3.2. Visual characteristics

With respect to instrumental colourmeasurements, only yellowness
and chroma produced significantmodels (with R2 0.45 and 0.46, respec-
tively). These parameters increased in association with rice starch
reformed hams. The levels of the ingredients are expressed in % by weight of the brined
e: average, STPP: sodium tripolyphosphates.



Fig. 5. Representation of the response surface models for two sensory attributes in reformed hams. The levels of the ingredients are expressed in % by weight of the brined meat. The
remaining factors were fixed at the following settings: a) Potato starch: 0, Comminution degree: average; b) rice starch: 0, Potato starch: 0, STPP: sodium tripolyphosphates.
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inclusion in hams made with 100% ground meat with the kidney plate,
but opposite results were found for the 80/20 treatment (Fig. 2). The
pink colour intensity assessed by the sensory panel corresponds with
the results found instrumentally, wherein an interaction between com-
minution degree and RS inclusion was found (Fig. 2). In sausages, one
study found that starch affected lightness, redness and yellowness in a
linear fashion but these parameters were also affected by interactions
between other non-meat ingredients (Amini Sarteshnizi et al., 2015);
whereas another study found that starch had an effect only on lightness
(García-García & Totosaus, 2008). We have previously found a reduc-
tion in redness with the inclusion of rice starch in whole muscle hams
(Resconi et al., 2015).

Many inter-related factors are thought to influence the colour of re-
formed hams, including the concentration and chemical state of myo-
globin and the physical characteristics of the product (Cofrades et al.,
2004). The present results might be explained by the effects of rice
starch and comminution degree on the percentage of protein which
could dilute/concentrate the myoglobin, but also by their effects in
water distribution and other texture parameters. However, it should
be noted that a difference in objective measurements of colour is not
necessarily translated into a difference in colour acceptability (Resconi
et al., 2016). In fact, in the present study, no correlation between overall
liking and pink colour intensity was found (Table 2). Furthermore, the
Table 2
Pearson correlations between overall liking and other sensory attributes (n = 28).

Overall liking x Correlation P value

Pink colour 0.020 0.920
Number of holes −0.712 b 0.001
Meaty odour −0.326 0.091
Cooked ham odour −0.349 0.069
Juiciness 0.726 b 0.001
Tenderness 0.577 0.001
Springiness 0.415 0.028
Adhesiveness −0.502 0.006
Cooked ham flavour 0.353 0.066
Saltiness 0.310 0.108
mean cured colour ratio obtained was 2.41 ± 0.133, which was un-
changed by the factors studied and indicates that an “excellent cured
colour” (Sindelar et al., 2007) was reached in the restructured hams.

Other than colour, another visual aspect presumably relevant in
hams could be the presence of holes in the product (Hullberg,
Johansson, & Lundström, 2005). Although Irish consumers stated that
they are not very concerned by the presence of holes in cooked ham
(Resconi et al., 2016), if the number and size of holes are considerable,
it might be perceived as a defect in the product by consumers (deeming
it inferior) and make it difficult to slice for retailers. Phosphate was the
single factor that affected the number of holes in a linear manner (R2=
0.47), indicating their major role in providing effective binding of the
meat pieces in a restructured product. This is supported by previous
studies (Trout & Schmidt, 1984). Although starches have previously
been shown to have a positive effect on binding meat particles
(Petracci et al., 2013), no such effect was found in the present study
by the sensory panel.

3.3. Sensorial and instrumental assessment of the texture

Expressible moisture, measured by instrumental compression, was
reducedwith the inclusion of RS but no other factors significantly affect-
ed (P b 0.05) of this parameter, although there was a tendency for PS to
decrease the expressible moisture (P = 0.074). Previous studies have
found that starch binds the loosely bound or freewater inmeat systems
(Motzer et al., 1998; Schilling, Marriott, et al., 2004), which was sup-
ported by a recent NMR analysis in cooked hams (Resconi et al.,
2015). On the other hand, juiciness, the sensory parameter that mea-
sures the moisture released by compression with the teeth, was posi-
tively influenced by PS (but not RS) when low/no STPP was included
in the hams (Fig. 3). In another study, modified corn starch also im-
proved the juiciness of hams (Prabhu & Sebranek, 1997). The differ-
ences we have found between the two starches studied in expressible
moisture and juiciness might relate to the smaller size and higher num-
ber of granules in rice starch compared to potato starch granules (Li &
Yeh, 2002), which might explain the ability of RS to bind the water hy-
drated in the starch gels more tightly than PS.



Table 3
Formulation levelsa selected to optimise cook loss and overall liking of the reformed
cooked hams.

Solution a Solution b Solution c

N 76 2 4
Sodium tripolyphophate 0.30 0.18 0.03
Rice starch 0–2 0 or 2 0 or 2
Potato starch 0–1.9 0 or 2 0 or 2
Total starch N 0.6 2 2
Comminution degree 100/0 and 80/20 100/0 100/0 and 80/20
PCL b2.0% ~2.5% ~5.0%
POL 6.3 5.8 5.3
Desirability 0.9 0.8 0.6

N: number of solutions summarized. 100/0: 100% of coarsely groundmeat using a kidney
blade. 80/20: 80% plus 20% ofmeat groundwith a kidney blade and a 9mm blade, respec-
tively. PCL: predicted cook loss. POL: predicted overall liking.

a Expressed in percentage by weight in the brined meat.
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Texture profile analysis parameters produced significant linear
models that were in general affected by all the factors studied indepen-
dently (Table A2). Both starches reduced hardness, chewiness, gummi-
ness (as opposed to STPP) and cohesiveness, with the effect of RS being
stronger compared to PS. Previous studies (Motzer et al., 1998; Schilling
et al., 2003) have also reported a reduction in texture parameters with
starch inclusion in restructured hams. Because starch dilutes the meat
component of the product, this may provoke a disruption of the meat
matrix. Potato starch granules are probably too large to be trapped in
the protein but almost all the rice starch granules were embedded in
the protein network due to their smaller size (Li & Yeh, 2002) and
that might provide some explanation for our results. However, the ob-
served effects of the starches in the texture profile analysis were not
perceived in the sensory test.

While inwholemuscle hams, phosphates reduced TPA hardness and
gumminess (Resconi et al., 2015), these parameters were increased lin-
early in reformed hams (as well as springiness and chewiness), which
reflect their role in the binding of meat pieces (Trout & Schmidt,
1986). In the study of Nielsen, Petersen, and Møller (1995), an increase
in hardness was associated with phosphate inclusion to a level of 0.2%,
after which hardness then decreased. Here, we have found a continual
linear increase in hardness with added phosphate up to the maximum
levels studied (0.3%). In the sensory analysis, STPP increased springiness
and tenderness, and decreased adhesiveness (Fig. 5). This is supported
by previous research (Resconi et al., 2016; Sheard, Nute, Richardson,
Perry, & Taylor, 1999). The effect of phosphate on sensory springiness
agrees with the TPA analysis, but the effect on tenderness is opposite.
It may be that the structure of the meat pieces individually are less
tough while overall the ham is more tightly bound with the action of
phosphates, which could explain also why STPP increased the tender-
ness particularly in the coarsely ground samples (Fig. 5). The effect of
phosphates on juiciness, could also contribute to the perception of a
less tough ham product.

3.4. Flavour and overall liking

Ham flavour intensity was affected linearly by all the factors tested
(R2 = 0.52), but overall liking was improved only by STPP (Table A3).
Meaty and ham odour intensities and saltiness did not provide signifi-
cantmodels (P N 0.05), in spite of the increase in salt percentage caused
by STPP (Table A1) and the previously reported effects of phosphates on
saltiness (Matlock, Terrell, Savell, Rhee, & Dutson, 1984). Both starches
decreased the ham flavour intensity, which could potentially be ex-
plained by the dilution of the meat components, although this was not
observed in a recent whole muscle ham study (Resconi et al., 2016).

The typical flavour intensity and the general liking increased with
the inclusion of phosphates, as other authors have shown (Moiseev &
Cornforth, 1997). The Pearson correlations (Table 2) showed that over-
all liking was particularly related to the number of holes and to sensory
juiciness, but also to tenderness, springiness and adhesiveness, and be-
cause of the improvement of all these aspects by the use of phosphate,
this ingredient was the sole factor affecting overall liking (linear
model, R2 0.47).

3.5. Comminution degree

Cook loss was slightly higher for the coarsely groundmeat using the
kidney plate (100/0) comparedwith themorefinely comminuted80/20
treatment, but the effect of comminution degree on cook loss wasmuch
less than the effects of the functional ingredients tested (Table A1).
Cofrades et al. (2004) also found a lower exudate loss upon heating in
finely, compared to coarsely ground beef (grinder plate hole: 0.6 and
1.4 cm, respectively); whereas no effect of pre-mincing in cook yield
was found in other studies (Boles & Shand, 1998; Estévez, Ventanas,
Heinonen, & Puolanne, 2011). As discussed previously, comminution
degree affected the colour of hams differently depending on the level
of RS (Fig. 2). Similarly, interactions between non-meat ingredients
and particle size were found previously for lightness in restructured
beef (Cofrades et al., 2004). In another studywith deli ham rolls, smaller
particles gave lower L* and b* values (Schilling, Alvarado, & Marriott,
2004). In the present study, a tendency for the effect of comminution
degree to influence instrumental texture was found (P = 0.056), with
the meat ground 100% by the kidney plate being less hard, potentially
due to a lower bind strength for the larger meat pieces, as suggested
previously (Cofrades et al., 2004). The 100/0 samples were also less
chewy, gummy and springy (Table A2). However, differences were
not perceived sensorially.

The hamswith 100% kidney plate groundmeatwere associatedwith
a more intense flavour. In reformed beef, the acceptability of flavour of
coarsely ground meat was improved compared to finely ground in one
study (Cofrades et al., 2004), although no such effects were found in
Boles and Shand (1998).

In summary, the 80/20 treatment slightly improved the technologi-
cal quality but dulled the flavour of the reformed hams. Although TPA
measures indicate a better binding of the meat pieces in the 80/20, the
sensory perceived texture was not affected; whereas the colour of the
ham produced by each comminution level depends on the quantity of
RS included (but does not affect product acceptability). In practical
terms, the quality differences found in our study could be considered
minor and both particles sizes could help to reach an acceptable quality
and therefore, other factors such as easy handling and the quality of the
rawmeat used (quantity of connective tissue/fat) would weighmore in
decision making.
3.6. Optimization

Through the use of the optimization tool of the RSM, using the
criteria ‘minimizing cook loss, maximizing overall liking’, 82 different
formulations were proposed, which are summarized in Table 3. The
two comminution levels studied could be used similarly. The optimal
adjunct combinations (higher desirability) for the selected criteria
were achieved when 0.3% of STPP and N0.6% of any starch (or a combi-
nation of both) were included. With this solution (solution a), the pre-
dicted cook loss improved with respect to a reformed ham without
starch (b2.0% versus 2.6%). However, very subtle (almost no) predicted
deterioration of the two responses (cook loss and overall liking) could
be achieved by reducing STPP to 0.18% and including any starch at 2%
(solution b). When using only salt and phosphate as binders, Schwartz
and Mandigo (1976) concluded that at least 0.13% of sodium
tripolyphosphate is needed when producing restructured pork. The
third solution explored (solution c) implies practically avoiding the
use STPP (adding just 0.03%) and including 2% of starch, resulting an es-
timated cook loss of approximately 5% (acceptable) but a lower sensory
acceptability (Table 3).
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4. Conclusion

Based in our results we recommend a reduction in the use of STPP in
reformed hams through the inclusion of starch at optimised levels to
achieve a similar technological quality to products with standard phos-
phate inclusion levels (0.3%). It is likely that formulations achieving this
level of reduction will be positively received by consumers. A total ex-
clusion of STPP is not recommended by the models, largely because
this work suggests phosphate plays an important role in the sensory
quality of reformed ham products. The different type of starch (potato
or rice starch) and the different comminution degree studied differed
somewhat in their effects on several of the objective characteristics,
such as the colour or the texture of the hams. However, both starches
and comminution levels studied could be used similarly to achieve
good yield and sensory acceptability of the product. Predicted optimal
formulations for cook loss and sensory acceptability included 0.3% of
STPP and N0.6% of either starch (or a combination of both), by using ei-
ther of the comminution levels studied.
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