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Abstract

The present study was conducted to evaluate the effect of pre-treatment on the colour and proximate
composition of freeze-dried chicken breast meat chunks. Boneless chicken breast meat was cut into 2.0
cm chunks and subjected to four pre-treatments, namely control (T:), treatment with 0.25% turmeric
powder (T2), blanching at 90 °C for 2 min (Ts) and cooking to an internal temperature of 75 °C (T4). The
meat chunks were frozen at —40 °C for 12 h subsequently freeze-dried for 10 h with the condenser
maintained between —70 and —80 °C and the chamber pressure below 10 P. The proximate composition
and instrumental colour characteristics of the resulting products were evaluated. Significant differences
(P < 0.001) were observed among the treatments for moisture, crude protein, ether extract, total ash and
nitrogen-free extract. Moisture content ranged from 3.22 to 4.05%, with the highest value observed in
turmeric-treated samples (T:), while cooked samples (Ts) recorded the lowest value. Crude protein
content was highest in the cooked treatment (92.13%), followed by blanched (90.10%) and turmeric-
treated (89.20%) samples, compared with 87.35% in the control. Ether extract decreased from 3.73% in
the control to 3.11% in cooked samples, whereas total ash increased from 4.03% to 5.55%. NFE was
highest in the control (3.38%) and lowest in cooked samples (0.73%). Crude fibre was not detected in
any treatment. Pre-treatment also significantly influenced L*, a*, b* and chroma (C*) values (P < 0.001).
Turmeric treatment produced the lowest lightness (77.35) but markedly increased redness (8.30),
yellowness (44.40) and chroma (45.22), indicating a more intense yellow colour. In contrast, cooked
samples exhibited the highest lightness (86.98) and the lowest redness (1.35), yellowness (10.23) and
chroma (10.33). Hue angle did not differ significantly among treatments (P = 0.198). The findings
revealed that pre-treatment significantly affected the nutritional composition and colour characteristics of
freeze-dried chicken breast meat chunks. Turmeric treatment enhanced the intensity of yellow colour,
while cooking increased protein and ash contents and decreased ether extract and nitrogen-free extract
(NFE) contents.
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1. Introduction

Chicken is the most widely produced and consumed source of animal protein worldwide, and
consumer demand increasingly favours ready-to-cook and ready-to-eat formats that combine
nutritional quality with convenience and an extended shelf life (Mancini et al., 2015; Nassar,
2026) [*3. 181, Dried meat products occupy an important position in this segment, and the type of
meat, the ingredients added and the drying technology adopted are all recognised as major
determinants of the physicochemical, microbial and sensory quality of the finished product
(Mediani et al., 2022) 141,

Freeze-drying is regarded as the gentlest of the available dehydration routes, since water is
removed by sublimation from the frozen state and liquid water is never formed. The process
minimises thermal degradation, shrinkage and structural collapse and yields a highly porous
product with rapid rehydration, retained nutritional value and good ambient storage stability
(Ratti, 2001; Ciurzynska & Lenart, 2011; Nowak &J akubczyk, 2020) 1214201,
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Loskota et al. (2023) ™Y reported final moisture levels of 2-
5%, removal of 90-98% of the original water and retention of
up to 95% of vitamins, enzymes and other labile constituents
in freeze-dried meat, while Ma et al. (2018) [*2 observed that
the residual moisture is distributed uniformly through the
matrix, which contributes to the extended ambient shelf life
obtainable under vacuum or nitrogen packaging.

These advantages are accompanied by a structural
consequence. Sublimation vacates the spaces previously
occupied by ice crystals, and the porous matrix that remains
presents a greatly enlarged surface to atmospheric oxygen.
Mediani et al. (2022) 1 recorded peroxide values of 83.3
mEq per kg in freeze-dried meat as against 20.8 mEq per kg
in air-dried material, identifying oxidative rancidity as the
characteristic vulnerability of the format. The same porosity
governs the appearance of the dried piece, since the colour
recorded by an instrument reflects both the light scattered
from a dry cavernous surface and the oxidation state of the
residual myoglobin. Messina et al. (2016) ™! obtained highly
significant differences in every colour coordinate of freeze-
dried bovine muscle across a range of freezing temperatures
and drying times, and attributed the rise in lightness to
denatured and shrunken myofibrils scattering more light. Yu
et al. (2026) 281, comparing chicken, pork and beef dried
under identical conditions, found chicken to be consistently
the brightest and the least red of the three.

Compositional changes during freeze-drying arise from a
simpler cause. Because drying removes water and leaves the
remaining constituents largely unaltered, every non-aqueous
fraction is concentrated by the same factor. Lee et al. (2021)
Bl recorded an increase in crude protein from 19.72% in
freeze-thawed pork to 70.10% in the corresponding dried
powder, while Jukniené et al. (2022) [ detected no significant
change in either protein or fat attributable to lyophilization
itself and concluded that the technique preserves nutritional
value. The influence of the step immediately preceding
freezing has received considerably less attention. Marination,
blanching and pre-cooking are all routine operations in
convenience meat manufacture and each acts on the muscle in
a different manner, one depositing pigment on the surface,
one denaturing the outer layers briefly and one cooking the
piece through. Their comparative consequences for the colour
and composition of a lyophilized product have not been
documented systematically and the available data rest largely
on bovine muscle, porcine powders and mixed ready meals,
freeze-dried chicken breast being sparsely represented despite
the commercial dominance of poultry.

The present study was therefore undertaken with the objective
of determining how far and in what direction four commonly
applied pre-treatments, namely a turmeric treatment,
blanching and cooking, together with an untreated control,
alter the CIE L*a*b* colour coordinates and the proximate
constituents of freeze-dried chicken breast meat chunks, so
that the visual and compositional consequences of each pre-
treatment are placed on record.

2. Materials and Methods

2.1 Source of meat

Hygienically slaughtered fresh boneless broiler chicken breast
meat was procured from a commercial poultry processing
plant near Udumalpet, Tamil Nadu, India.

2.2 Experimental design
Chilled, conditioned boneless breast meat was hand-cut into
chunks of 2.0 cm x 2.0 cm. A completely randomised design
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was adopted to compare four pre-treatments, each replicated

six times (n = 6 per treatment; N = 24 in total):

e Ti: control meat chunks that received no pre-treatment
and were lyophilized as such.

e T,: meat chunks to which turmeric powder was applied at
0.25 per cent, followed by lyophilization.

e  Ts: meat chunks given a blanching treatment at 90 °C for
2 min, followed by lyophilization.

e Ta: meat chunks heated until a core temperature of 75 °C
was attained, followed by lyophilization.

Every sample was dried in one and the same freeze-drying run
under identical settings, ensuring that any difference recorded
between groups arose solely from the pre-treatment applied.

2.3 Pre-treatment procedures

2.3.1 Fresh meat (T1)

Untreated fresh boneless broiler breast chunks served as the
control. These samples went straight to freezing and were
thereafter freeze-dried.

2.3.2 Turmeric treatment (T>)

Turmeric powder was applied to fresh boneless broiler breast
chunks at a level of 0.25 percentage. Turmeric finds frequent
use as a hatural adjunct in meat processing because of its
antioxidant activity and its bearing on colour and cooking loss
(Mancini et al., 2015) ¥, curcumin, the major bioactive
polyphenol of the spice, has likewise been reported to delay
oxidative deterioration and to enhance colour stability in
products such as vacuum-packaged pork meatloaf
(Draszanowska et al., 2022) [, The treated chunks were then
laid out in one uniform layer over freezing trays and frozen
ahead of lyophilization.

2.3.3 Blanching (T3)

Blanching was carried out by dipping fresh boneless broiler
breast chunks in hot water held at 90 °C for 2 min, an
operation routinely applied to inactivate enzymes and to
stabilize colour and texture before subsequent processing
(Fellows, 2017) . The chunks were thereafter plunged
without delay into chilled water at 4 £ 1 °C so as to halt
residual heating, drained free of adhering surface moisture
and frozen ahead of lyophilization.

2.3.4 Cooking (T4)

Fresh boneless broiler breast chunks were heated in hot water
until a calibrated digital probe thermometer registered a core
temperature of 75 °C. Thereafter the chunks were drained, left
to equilibrate to ambient temperature, spread on freezing trays
and frozen ahead of lyophilization.

2.4 Freezing

Both untreated and pre-treated breast meat samples were
spread as a single layer over stainless steel trays that had been
lined with butter paper, the lining being used to keep the
pieces from sticking to the tray surface. The loaded trays were
held in a blast freezer at —40 °C for 12 h so that freezing was
complete before lyophilization commenced.

2.5 Freeze-drying

Standardisation of the freeze-drying schedule drew on the
principles outlined by Ratti (2001) 22 and Fellows (2017) ],
with appropriate modifications. Once frozen, the chunks were
distributed evenly as a single layer over the trays of a freeze
dryer (Model FD50, ANM Industries, Mumbai, India) and
shifted without delay into the drying chamber so that thawing
was kept to a minimum. Condenser temperature was held
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between —70 and —80 °C and chamber pressure below 10 Pa,
both falling within the ranges advocated for food-grade
freeze-drying (Nowak & Jakubczyk, 2020) 2%, Uniformity of
layer thickness and of piece dimensions was maintained
across replicates, given that thickness governs the conditions
needed to obtain freeze-dried poultry meat matching the
quality of the fresh material (Babi¢ et al., 2009) Bl. Drying
was continued for 10 h for all samples under these
standardised settings.

2.6 Analytical methods

2.6.1 Colour

Colour readings were taken as per Navneet and Kshitij (2011)
on a Lovibond LC 100 spectrocolourimeter (Lovibond,
Germany), which was calibrated prior to use against the black
and white reference tiles supplied by the manufacturer.
Values were recorded in the CIE L*a*b* system, where L*
expresses lightness along a black-to-white scale of 0-100, a*
the green-to-red axis and b* the blue-to-yellow axis. From a*
and b*, chroma (C*) and hue angle (h*) were derived as C* =
(a*?* + b*»)"0.5 and h* = tan!(b*/a*), the latter being
expressed in degrees.

2.6.2 Proximate composition

Proximate constituents were estimated following the methods
of AOAC (1995). Moisture was assessed by overnight oven
drying at 105 °C and is expressed on an as-is basis, whereas
crude protein, crude fibre, ether extract and total ash are
expressed on a dry-matter basis. Nitrogen was determined
through Kjeldahl digestion and distillation (FOSS Kjeltec™
8200, Tecator™ Line), and lipid content through Soxhlet
extraction (FOSS ST-243 Soxtec fitted with a CU 2046
control unit, Labtec™ Line). For total ash, samples were
incinerated overnight at 550 °C. Nitrogen-free extract (NFE)
was arrived at by deducting the combined values of crude
protein, ether extract and total ash from 100.

2.7 Statistical analysis

The influence of treatment was examined by one-way analysis
of variance suited to a completely randomised design
(Snedecor& Cochran, 1994 251, Where the F ratio proved
significant, means were separated by Tukey’s honestly
significant difference test; within a given row, means carrying
dissimilar superscripts differ significantly at P < 0.05. All
results are expressed as mean + standard error of the mean.

3. Results

3.1 Proximate composition

The effect of different pre-treatments on the proximate
composition of freeze-dried chicken breast meat chunks is
presented in Table 1. Significant differences (P < 0.001) were
observed among the treatments for moisture, crude protein,
ether extract, total ash and nitrogen-free extract (NFE),
whereas crude fibre was not detected in any of the treatments.
The moisture content values ranged from 3.22 + 0.05% to
4.05 £ 0.06%. The turmeric-treated samples (T-) recorded the
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highest moisture content (4.05 + 0.06%), followed by the
control (Ti: 3.62 + 0.05%). The blanched treatment (Ts)
recorded a lower value (3.30 + 0.04%), while the cooked
treatment (T4) exhibited the lowest moisture content (3.22 +
0.05%), the last two treatments not differing significantly
from each other. The significant difference among treatments
(P < 0.001) suggests that pre-treatment markedly influenced
the residual moisture of the freeze-dried chicken meat.

The crude protein values differed significantly (P < 0.001)
from 87.35 + 0.19% to 92.13 £ 0.24%. The cooked treatment
(T4) showed the highest crude protein content (92.13 +
0.24%), followed by the blanched treatment (Ts: 90.10 +
0.13%) and the turmeric treatment (T2: 89.20 £ 0.19%). The
control (T1) recorded the lowest value (87.35 + 0.19%), all
four treatments differing significantly from one another. The
higher crude protein values of the pre-treated samples indicate
that pre-treatment increased the proportional share of protein
in the dry matter of the freeze-dried product. Crude fibre was
not detected (ND) in the control or in any of the pre-treated
samples.

The ether extract (fat) values ranged from 3.11 + 0.04% to
3.73 = 0.03% (P < 0.001). The control (T:) recorded the
highest ether extract content (3.73 = 0.03%), followed by the
turmeric treatment (T2: 3.41 + 0.03%) and the blanched
treatment (Ts: 3.28 =+ 0.05%), which did not differ
significantly from each other. The cooked treatment (T.)
exhibited the lowest value (3.11 = 0.04%). The lower ether
extract content of the heat-treated samples indicates that
thermal pre-treatment reduced the fat fraction of the freeze-
dried chicken meat.

The total ash showed the most consistent treatment effect,
with values ranging from 4.03 = 0.01% to 5.55 £ 0.01% (P <
0.001). The cooked treatment (T4) recorded a markedly higher
ash content (5.55 = 0.01%) than the control (4.03 = 0.01%)
and the turmeric treatment (T2: 4.15 £ 0.01%), and did not
differ significantly from the blanched treatment (Ts: 5.52 +
0.02%). This substantial increase in ash can be attributed to
the greater proportional concentration of mineral matter in the
dry matter of the samples subjected to hot-water treatment.
The nitrogen-free extract (NFE) values differed significantly
(P < 0.001) from 0.73 £ 0.26% to 3.38 + 0.17%. The control
(T1) recorded the highest NFE value (3.38 = 0.17%), followed
by the blanched (Ts: 2.47 + 0.15%) and turmeric-treated (T2:
1.88 + 0.20%) samples, which did not differ significantly
from each other. The cooked treatment (T4) exhibited the
lowest NFE content (0.73 + 0.26%). As NFE is obtained by
difference, its decline in the pre-treated samples corresponds
to the increases recorded in crude protein and total ash.

Thus, pre-treatment substantially altered the proximate profile
of the freeze-dried chicken breast meat chunks. Cooking gave
the highest crude protein and total ash together with the
lowest moisture, ether extract and NFE; blanching produced a
closely comparable profile; and turmeric treatment retained
the highest residual moisture while giving intermediate values
for the remaining constituents.

Table 1: Effect of pre-treatment on the proximate composition of freeze-dried chicken breast meat chunks (mean + SEM; n = 6)

Constituent T: (control) T: (turmeric) Ts (blanched) Ta (cooked) F (3,20) P
Moisture (%)* 3.62 +0.05° 4.05 £0.06* 3.30 £ 0.04¢ 3.22 +£0.05¢ 63.02 <0.001
Crude protein (%) 87.35+0.19¢ 89.20 £ 0.19¢ 90.10 £0.13" 92.13 £0.242 104.71 <0.001

Crude fibre (%) ND ND ND ND - -
Ether extract (%) 3.73 £0.032 3.41 +£0.03" 3.28 £0.05> 3.11 £0.04¢ 49.55 <0.001
Total ash (%) 4.03+0.01¢ 4.15+0.01° 5.52 +0.022 5.55+0.012 7092.26 <0.001
NFE by difference (%) 3.38+0.17° 1.88 +0.20° 2.47 £0.15° 0.73 £0.26¢ 31.01 <0.001

Within a row, means bearing different superscripts differ significantly at P < 0.05 (Tukey). ND, not detected. NFE, nitrogen-free extract
obtained by difference. *Moisture is expressed on an as-is basis; all remaining constituents are expressed on a dry-matter basis.
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3.2 Colour

The effect of different pre-treatments on the colour
characteristics of freeze-dried chicken breast meat chunks is
presented in Table 2. Significant differences (P < 0.001) were
observed among the treatments for lightness (L*), redness
(@*), yellowness (b*) and chroma (C*), whereashue angle (h°)
did not differ significantly (P = 0.198).

The lightness (L*) values ranged from 77.35 + 1.08 to 86.98 +
0.76. The cooked treatment (Ta) recorded the highest L* value
(86.98 + 0.76), followed by the blanched treatment (Ts: 83.60
+ 1.09) and control (T::83.13 £ 0.96). The turmeric-treated
samples (T2) exhibited the lowest L* value (77.35 £ 1.08),
indicating a comparatively darker appearance. The significant
difference among treatments (P < 0.001) suggests that pre-
treatment markedly influenced the lightness of the freeze-
dried chicken meat.

The redness (a*) values differed significantly (P < 0.001)
from 1.35 + 0.19 to 8.30 + 0.75. The turmeric-treated samples
(T2) showed the highest redness value (8.30 + 0.75), followed
by the control (T:: 3.70 + 0.55). Blanching (T5) resulted in a
lower redness value (2.20 £ 0.40), while the cooked treatment
(T.) recorded the lowest value (1.35 £ 0.19). The higher a*
value in turmeric-treated samples indicates that turmeric pre-
treatment contributed to a more reddish colour compared with
the other treatments.

The yellowness (b*) showed the most pronounced treatment
effect, with values ranging from 10.23 + 1.05 to 44.40 + 1.23
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(P < 0.001). Turmeric treatment (T2) recorded a markedly
higher b* value (44.40 + 1.23) than the control (17.13 + 1.63),
blanched (14.82 + 1.04) and cooked (10.23 + 1.05)
treatments. This substantial increase in yellowness can be
attributed to the characteristic yellow pigments of turmeric,
particularly curcuminoids, which impart a distinct yellow
colour to the meat surface.

In contrast, the hue angle (h°) values ranged from 81.92 +
1.38° to 85.45 £ 1.54°, with no significant difference among
the treatments (P = 0.198). Although turmeric treatment
showed a slightly lower hue angle (79.40 £ 0.92°) compared
with the other treatments, the differences were statistically
non-significant. This indicates that the pre-treatments did not
significantly alter the overall hue position despite their
significant effects on colour intensity, lightness, redness and
yellowness

The chroma (C*), which represents the intensity or saturation
of colour, also differed significantly among treatments (P <
0.001). The turmeric-treated samples exhibited the highest
chroma value (45.22 + 1.24), indicating a more intense and
vivid colour. The control had a moderate chroma value (17.62
+ 1.56), whereas the blanched (15.03 = 1.06) and cooked
(10.33 + 1.05) treatments showed considerably lower colour
intensity. Thus, incorporation of turmeric substantially
enhanced the overall colour intensity of the freeze-dried
chicken breast meat.

Table 2: Effect of pre-treatment on the colour coordinates of freeze-dried chicken breast meat chunks (mean + SEM; n = 6)

Parameter T: (control) T: (turmeric) Ts (blanched) Ta (cooked) F (3,20) P
Lightness (L*) 83.13 £0.96* 77.35+1.08° 83.60 = 1.092 86.98 £ 0.76* 16.54 <0.001
Redness (a*) 3.70 £ 0.55° 8.30 £0.75 2.20 + 0.40b 1.35+£0.19¢ 35.93 <0.001
Yellowness (b*) 17.13 £1.63% 4440 +1.232 14.82 £ 1.04b¢ 10.23 £+ 1.05¢ 149.80 <0.001
Hue angle (h*, °) 77.05 +£2.55° 79.40 + 0.922 81.45+1.54» 81.92+1.38 1.70 0.198
Chroma (C*) 17.62 £ 1.56° 4522 +1.24° 15.03 + 1.06% 10.33 £ 1.03¢ 161.45 <0.001

Within a row, means bearing different superscripts differ significantly at P < 0.05 (Tukey). C* and h* are computed from a* and b* and do not

constitute independent observations.

4. Discussion

The final moisture content of 3.22 to 4.05% obtained in the
present study places all four treatments within the 2-5%
window that Loskota et al. (2023) [*4l associate with freeze-
dried meat, and is comparable with the 4.41% reported by
Mediani et al. (2022) 14l for freeze-dried lamb strips. Lower
values have been reported, notably 1.34% for freeze-dried
pork powder (Lee et al., 2021) ¥, but such comparisons are
not strictly valid, since a powder offers essentially no
resistance to vapour diffusion whereas a 2 cm chunk must
transport vapour through a considerable thickness of already-
dried tissue. When set against hot-air and microwave-assisted
drying of buffalo meat, which retained 11.66 to 12.80%
moisture (Sivaranjani et al., 2023) 4, the effectiveness of
sublimation in removing bound water is evident.
Turmeric-treated chunks retained significantly more moisture
than any other treatment, whereas the two heat-treated
materials were the driest. The higher residual moisture of the
turmeric-treated chunks is consistent with the observation of
Mancini et al. (2015) 31 that dissolved solids and interactions
between turmeric constituents and water may hinder moisture
diffusion during drying. The lower moisture of the blanched
and cooked chunks may be explained mechanically: heat
unfolds myofibrillar proteins and disrupts membranes before
freezing, converting water that would otherwise remain
protein-bound into water available for sublimation. That
blanching and cooking arrived at the same endpoint (P =

0.611) suggests that this effect plateaus once denaturation is
essentially complete, two minutes at 90 °C proving as
effective in this respect as raising the core to 75 °C. Yu et al.
(2026) 281 advanced comparable reasoning in attributing
species differences in drying behaviour to variation in tissue
architecture and water-binding capacity.

The progressive increase in crude protein from 87.35% in
untreated chunks to 92.13% in cooked chunks does not
indicate that protein was gained. On a dry-matter basis every
constituent represents a share of a common total, so the
removal of any non-protein fraction necessarily raises the
protein share. This is what the remaining columns of Table 1
record: relative to the control, the cooked chunks were lower
in ether extract by 0.62 percentage points and in nitrogen-free
extract by 2.65 percentage points, and the fractions that
survive heating, namely protein and mineral matter,
correspondingly claimed a larger share of the dry matter. The
same relationship holds, in attenuated form, for the blanched
and turmeric-treated chunks. This is the mechanism identified
by Lee et al. (2021) ¥, whose pork protein rose from 19.72 to
70.10% on freeze-drying, differing here only in scale, since
the present comparison is between materials that have all
already been dried. Read in this way, the protein gradient
measures the quantity of heat-labile and soluble non-protein
dry matter that each pre-treatment removed, and ranks the
treatments accordingly, cooking having removed the most and
the turmeric rub the least. The finding does not conflict with
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Jukniene et al. (2022) B, who reported that lyophilization
itself leaves protein unchanged, since it is the pre-treatment
and not the drying that varies here. It should also be noted
that, because these are proportions, a higher protein
percentage does not by itself indicate a greater absolute
quantity of protein per chunk, the latter depending
additionally on the freeze-drying yield.

Ether extract declined steadily as protein rose, from 3.73% in
the control to 3.11% in cooked chunks, and the inverse
relationship between the two series is consistent with
redistribution within a dry matter from which non-protein
constituents had been removed. Part of the decline is a
genuine loss, since heating renders fat and the cooked chunks
drained visibly during processing, and part is proportional,
arising from the larger share claimed by protein and mineral
matter. The absolute values are unremarkable for the species,
corresponding closely with the 3.54% reported by Mediani et
al. (2022) 4 for freeze-dried lamb and falling an order of
magnitude below their value of 23.90% for freeze-dried beef,
chicken breast being naturally lean. Sivaranjani et al. (2023)
(241 reached a similar conclusion from values of 4.62 to 5.23%
in dried buffalo meat, arguing that the composition of the raw
material constrains the fat content of a dried product at least
as strongly as the drying method does.

Total ash moved in the opposite direction to ether extract and
nitrogen-free extract and for that reason it helps to identify the
mechanism organising the dataset as a whole. The two
treatments, heated the meat in water, blanching and cooking,
each raised the mineral fraction by approximately 1.5
percentage points above the control and did not differ from
one another (5.52 and 5.55%), whereas the turmeric
treatment, which never exposes the chunk to hot water, left
ash close to the control value (4.15 against 4.03%). Since
mineral matter is neither created nor destroyed by heating,
this rise is a concentration effect: the heat-treated chunks lost
water, part of their lipid and the greater part of their soluble
non-protein organic matter, so that the incombustible residue
accounted for a larger share of a smaller dry mass. The
counterpart of this relationship was documented by Mediani
et al. (2022) 4, in whose material ash increased from 1.17 to
7.80% as salt inclusion increased from zero to ten per cent,
which confirms how sensitively the mineral fraction tracks the
composition of the matrix in which it is measured. It must be
emphasised, however, that ash determined in this way
expresses the proportion and not the absolute quantity of
minerals retained; some leaching of potassium, sodium,
phosphate and chloride into the blanching and cooking
medium is to be expected, and a determination of mineral
content per unit weight of raw meat would be required to
separate loss from concentration. Nitrogen-free extract, being
obtained by subtraction, is likewise best interpreted as an
index of what the other three determinations did not account
for rather than as a measurement of carbohydrate, which is a
minor constituent of lean muscle in any case and which
Mediani et al. (2022) [*4] note is frequently left unreported for
freeze-dried products. Muthulakshmi et al. (2025) 71, Alugwu
et al., (2023 and Sagib et al., (2021) [ 23 similarly
demonstrated that processing and cooking conditions can alter
the proximate composition of chicken meat through changes
in moisture and nutrient distribution.

The L* values observed in the present study (77.35-86.98)
were considerably higher than the range of 20-50 reported for
dried meat products by Mediani et al. (2022) 24, but were
comparable to the values of 74.66-87.67 reported for freeze-
dried bovine muscle by Messina et al. (2016) 3. The
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relatively high lightness observed in freeze-dried meat may be
attributed to the structural changes induced by sublimation,
which generates a highly porous matrix with numerous
internal cavities that enhance light scattering. This effect may
be further intensified by the denaturation and contraction of
myofibrillar proteins during processing, contributing to the
characteristic lighter appearance of freeze-dried meat.

The a* values were relatively low in the control (3.70) and
decreased further following cooking (1.35), indicating
reduced redness after thermal pre-treatment. This observation
is consistent with the findings of Yu et al. (2026) 1, who
reported low or slightly negative a* values in chicken meat
subjected to different drying treatments. The reduction in
redness following cooking can be associated with thermal
denaturation of myoglobin and the subsequent formation of
globin haemichrome, resulting in a shift from the red colour
of native myoglobin towards grey-brown tones. Similarly,
Lee et al. (2021) [ reported a reduction in a* values in freeze-
dried pork gels and attributed this change to irreversible
myoglobin denaturation, while Loskota et al. (2023) (1
identified metmyoglobin formation as an important
contributor to colour deterioration in Ilyophilized meat.
Considering the inherently low myoglobin concentration of
chicken breast muscle, thermal pre-treatment may further
reduce the measurable redness, resulting in a* values
approaching the lower detection range of the colour
measurement system. These changes are consistent with the
effects of thermal processing on chicken meat reported by
Salakova et al. (2009) 22 and Muthulakshmi et al. (2022) 6],
who demonstrated that heat treatment can modify meat
quality through changes in muscle proteins and pigments.

The colour response of the turmeric-treated chunks provides
further insight into the influence of pre-treatment on colour
attributes. Chroma (C*) increased markedly following
turmeric treatment, whereas the hue angle (h®) remained at
approximately 79.40° and did not differ significantly from the
control (P = 0.765). This indicates that turmeric primarily
enhanced colour saturation or intensity without substantially
altering the predominant hue. Thus, the increase in chroma
can be interpreted as an intensification of the existing yellow
colour rather than a displacement towards a distinctly
different hue. Reporting C* and h° in conjunction with the
primary tristimulus coordinates (L*, a* and b*) is therefore
important for accurately characterizing colour changes in pre-
treated freeze-dried meat, as recommended by Messina et al.
(2016) 5. The marked increase in b* and C* can be
attributed to the yellow-orange curcuminoid pigments present
in turmeric, particularly curcumin, which are deposited onto
or incorporated into the meat matrix during pre-treatment.
This observation agrees with Lorenzo et al. (2021) 19 who
reported that turmeric addition modified the colour
characteristics of beef meatballs. Similarly, Domiguez et al.
(2021) B reported significant effects of turmeric incorporation
on the colour parameters of healthy beef pate, supporting the
ability of turmeric to enhance the characteristic yellow colour
and colour intensity of meat products.

The absence of significant differences in hue angle across all
treatments further demonstrates that the applied pre-
treatments modified the lightness and intensity of colour
rather than the fundamental hue of the freeze-dried chicken
breast meat. Notably, blanching produced no significant
alteration in any of the measured colour parameters compared
with the untreated control, indicating that blanching at 90 °C
for 2 min did not adversely affect the visual colour
characteristics of the freeze-dried product. This suggests that
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blanching may be employed as a pre-treatment for purposes
such as enzyme inactivation and microbial load reduction
without causing appreciable changes in colour; its effect on
the dry-matter composition, in particular the higher
proportional protein and ash contents and the lower ether
extract and nitrogen-free extract contents, should nevertheless
be taken into account when selecting the processing
condition.

5. Conclusion

The present study demonstrated that pre-treatment
significantly influenced the proximate composition and colour
characteristics of freeze-dried chicken breast meat chunks.
Cooking gave the highest crude protein (92.13%) and total
ash (5.55%) contents together with the lowest moisture, ether
extract and nitrogen-free extract, and blanching produced a
closely comparable compositional profile, whereas turmeric
treatment retained the highest residual moisture (4.05%) and
gave intermediate values for the remaining constituents.
Turmeric treatment produced a distinctive and intense yellow
colour, as evidenced by the highest yellowness (b*), chroma
(C*) and redness (a*) and the lowest lightness (L*), while
blanching produced colour characteristics comparable to the
untreated control and hue angle remained unaffected by pre-
treatment. Overall, turmeric treatment appears promising for
enhancing the visual appeal of freeze-dried chicken meat
chunks, whereas cooking may be advantageous for obtaining
a product with a higher proportional protein and mineral
content and a lower fat content. These findings suggest
opportunities to optimize the quality attributes of value-added
freeze-dried chicken meat products.
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