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Vacuum frying below the triple point of water
(VFBTPW) of frozen unmarinated beef slices
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Abstract: The study was carried out: a) to conduct vacuum frying below the triple point of water (VFBTPW) of frozen unmari-
nated beef slices using constant amount of sample used and firying temperature with different frying times and to determine the moisture
and fat contents, product yield and rehydration, colour, and texture properties of the resulting vacuum fried products, b) to compare the
physicochemical properties of VFBTPW and freeze-dried products; and c) to evaluate the structure of the vacuum fried beef slices us-
ing the scanning electron microscope. Vacuum frying of frozen unmarinated beef slices at 79+1°C, the lower the frying time the higher
the moisture content of the vacuum fried product. The fat contents of the products were not significantly different with each other The
frving time of 5 minutes gave the highest product yield due its high moisture content. The rehydration rate and rehydration ratio of the
products were not affected by frying time despite a decreasing chamber pressure with increasing frying time. The chroma value of the
products were not different from each other. The integrated force of the products decreased with frying time above 7.5 minutes. The
vacuum fried product had lower moisture content but had higher fat content and product yield compared with the freeze-dried product.
The rehydration rate and rehydration ratio of the vacuum fried product were lower than the freeze-dried product. The beef muscle fibres
of the low moisture product were looser and more porous compared with the high moisture product which were more compact. The
freeze-dried product was more porous than the low moisture vacuum fried unmarinated beef based on a transversal cut, but the reverse

was observed when it was based on a longitudinal cut.

Keywords: vacuum frying, beef slices, physicochemical, rehydration properties.

Introduction

Meat drying may be fundamentally defined
as the removal of most of the water present in meat
by evaporation of liquid water or sublimation of ice
(Sanchurn et al., 2012). Drying is a complex pro-
cess involving simultaneous heat and mass transfer.
It results in significant changes in the chemical com-
position, structure, and physical properties of foods.
The heating process and loss of water cause stress-
es in the cellular structure that lead to changes in
microstructure, such as the formation of pores and
shrinkage (Laopoolkit and Suwannaporn, 2011).

Dehydrated meat, seafoods and vegetables are
usually used to enhance the product value of instant
noodles. Instant noodles are one of Japan’s favourite
foods. The taste of instant noodles has been improving
significantly in past years and some of them can easily
compete the fresh noodles (Nihei, 2021). The addition
of dried meats sachets add value to instant noodles.

When processing meat, several physicochem-
ical changes appear when different treatments are
applied. During heating, the different proteins in

meat denature and these cause structural chang-
es, such as destruction of cell membranes, shrink-
age of fibres, the aggregation and gel formation of
myofibrillar and sarcoplasmic proteins and solubi-
lisation of the connective tissue (Garcia-Segovia et
al., 2007). When frozen storage is required, as in
freeze-drying, quality deterioration cannot be avoid-
ed during freezing because of the formation of ice
crystals, which leads to distortion of tissue structure
and mechanical damage and denaturation of protein
(Jeong et al., 2011).

A freeze-dried process could provide a porous
structure product with little shrinkage, superior taste
and aroma retention, and better rehydration capabili-
ty. Even though high-quality dehydrated foods could
be obtained by this process, it is usually considered
too expensive to be used in the instant noodle indus-
try. The freeze-dried process is uneconomical due
to the large capital outlays required, high operat-
ing cost, and relatively long drying time (Laopoolkit
and Suwannaporn, 2011).

Several attempts have been made to reduce
freeze-drying costs by using newer drying technol-
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ogies like vacuum frying. Vacuum frying of meat
is another method of drying meat. In this process,
the hot oil serves as the heating medium to drive
out the water from inside the meat and evaporat-
ed accordingly but under chamber pressures below
atmospheric pressure (vacuum) which speeds up the
drying process. When frozen meat is used, and the
chamber pressure is below the triple point of water
0f 0.01°C and 0.611 kPa (Guildner et al., 1976) then
the ice particles sublimes resulting in a porous struc-
ture and with minimal shrinkage. Hence, vacuum
frying of frozen foods at very low chamber pressure
can hopefully yield products with similar character-
istics as freeze drying but with a shorter processing
time.

However, vacuum frying is the technique of
deep-fat frying foods under pressures well below
atmospheric levels, preferably below 6.65 kPa,
which serves to reduce oil content, discolouration
and losses of vitamins and other compounds nor-
mally associated with oxidation and high tempera-
ture processing (Garayo and Moreira, 2002). Vac-
uum fried products are prepared using fresh fruits
and vegetables that are peeled and cut into small
pieces. The operating pressure used is usually low-
er than 7 kPa which produces a good reduction
in the boiling point of water and allows the fry-
ing temperature to be lower than 90°C (Dueik and
Bouchon, 2011). Fan et al. (2005) reported to have
vacuum fried frozen carrot chips at —18°C but use
a vacuum frying pressure of 5 kPa which was still
above the triple point pressure of water mentioned
above. Diamante and Yamaguchi (2021) were
able to carry out vacuum frying of selected frozen
shellfish products at a pressure of 0.4 kPa using a
special design of a vacuum fryer where their con-
denser was similar to that used in freeze dryers in
order to achieve chamber pressure below the tri-
ple point pressure of water. Hence, they carried
out vacuum frying below the triple point of water
(VFBTPW) of frozen shellfish products. Unfortu-
nately, they did not present supporting data such
as the products porosity and structure for this new
technology.

The development of pores and shrinkage
depended upon the variation in moisture transport
mechanisms and the external pressure. The strength
of the solid matrix can also be affected by ice for-
mation, case hardening, permeability of crust, and
matrix reinforcement (Rahman, 2003). Thus, the
drying method and conditions applied has a signifi-
cant effect on product characteristics such as poros-
ity, shrinkage, and bulk density. The % rehydration

of dehydrated foods depends on its water absorp-
tion capability and water holding capacity (Lewicki,
1998).

It is hypothesized that the VFBTPW of frozen
unmarinated beef slices would give a product with
closer rehydration properties with the freeze-dried
product, and hopefully give a product with a porous
structure nearly like a freeze-dried product.

Hence, a study was carried out: a) to con-
duct vacuum frying below the triple point of water
(VFBTPW) of frozen unmarinated beef slices using
constant amount of sample used and frying temper-
ature with different frying times and determine the
moisture and fat contents, product yield and rehy-
dration, colour, and texture properties of the result-
ing vacuum fried products; b) to compare the physic-
ochemical properties of VFBTPW and freeze-dried
products; and ¢) to evaluate the porosity and struc-
ture of the vacuum fried and freeze-dried beef slices
using the scanning electron microscope.

Materials and Methods
Materials

The topside cut meat used in this study was
taken from cross breeds of Angus/Hereford beef
which were raised in Geraldine, New Zealand, fed
with grass and slaughtered at the age of 18 months.
After 3 days of chilling by hanging carcasses, the
muscle fiber rich meat was used for the experi-
ments.

Sample preparation and storage conditions

The meat was sliced into 4 mm thickness and
were hand cut into 2-3 cm slices. The beef slic-
es were spread on aluminum trays and frozen at
—35+ 2°C at an air velocity of about 1.7 m/s in a
blast freezer (Skope Refrigeration, Christchurch,
New Zealand). The freezing was interrupted after
18 hours to take out the meat slices from the trays
and put them into polyethylene bags each with
525 g +15 g frozen unmarinated beef slices. The
samples were stored at —25°C in a laboratory freez-
er until use.

Vacuum frying system

The equipment used for the experiments con-
sisted of a sealable fryer vessel connected to a con-
densation unit and a vacuum pump as shown in Fig-
ure 1. The heating of the oil was done using band
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Figure 1. Schematic diagram of the vacuum frying system for the experiments (Diamante et al., 2015).

heaters on the fryer walls and the condenser was
cooled using a refrigeration system. Inside the ves-
sel, a frying basket was located, which can be rotat-
ed within the chamber. For every trial, 20 litres
of canola oil (Seafrost, Kuala Lumpur, Malaysia)
were poured in the frying vessel and heated up to
the target temperature which took approximately
one hour.

The content of a bag of frozen sample was load-
ed into the frying basket. After closing the vessel lid,
the valve to an already operating vacuum pump was
opened. When a pressure of 0.4 kPa was reached,
the basket with the samples was immersed into the
hot oil at the target temperature. From this moment,
the time was started, the temperature and chamber
pressure were recorded. With the help of the vacuum
pump and condensation unit, the escaping steam was
taken out of the vessel. Because of the high amount
of steam generated at the beginning, the pressure
increased for a short period and dropped down
again to about 0.4 kPa. The temperature fluctuat-
ed with decreasing amplitudes and settled down to
the required temperature due to the temperature con-
troller. When the required frying time was reached
the basket was completely brought out of the oil and
centrifuged using 670 rpm for 4 minutes still at the
same chamber pressure to enhance the removal of
residual oil from the sample surface. After this pro-
cedure, the system was pressurised back to atmos-
pheric pressure. The product was removed out of the
basket, cooled down to room temperature, placed
inside aluminium laminated bags and then stored at
room temperature until analyses.

Freeze-drying of frozen unmarinated beef slices

Freeze-drying of 0.5 kg and 4 mm thick frozen
unmarinated beef slices was carried out in another
laboratory using the following conditions: chamber
temperature of 60°C and chamber pressure of 0.0.01
kPa for about 30 hours

Moisture content determination

The moisture content of the VFBTPW prod-
uct from each trial run were determined using the air
oven method. The products were dried at a constant
temperature of 105°C in an air oven (Watson Vic-
tor Ltd, Clayson Laboratory Apparatus Ltd, NZ) for
exactly 16 hours after which time a constant weight
was reached (Diamante et al., 2010). The weight of
samples was determined in an analytical balance
with an accuracy of 0.0001g (Mettler Toledo, Greif-
ensee, Switzerland) before and after drying in the
air oven in 5 replicate measurements. The moisture
content was calculated by using the equation,

B-C

Mpg = a (1)

where:

Mp = moisture content calculated on % dry
basis

A= weight of container [g]

B = weight of container and product before
drying [g]

C= weight of container and product after
drying [g]
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Product yield calculation

The product yield of the VFBTPW product
was obtained from its initial and final weights. The
amount of frozen sample was determined using a
weighing balance with an accuracy of 0.01g (Met-
tler Toledo, Greifensee, Switzerland). After vacuum
frying, the product was cooled down before weigh-
ing. The product yield was determined using the fol-
lowing equation,

Weight of the final

] vacuum fried product
Product Yield = - —x 100  (2)
Weight of the initial

frozen sample

Fat content determination

The fat content of the ground VFBTPW product
was determined gravimetrically by solvent extraction
using the Soxhlet technique as described in Bouchon
et al. (2003). The fat content of the samples was cal-
culated on a percent dry basis and the average value
of the 5 replicate measurements were used.

Integrated force analysis

The texture property of the VFBTPW product
was determined by measuring the integrated force
of the sample using a texture analyser (Texture Ana-
lyser Model: TA-XT plus, Serial No: 10781, Sta-
ble Micro Systems, Surrey, UK) equipped with a
5 kg load cell. The integrated force measures the
area of force versus time curve of the sample. When
the integrated force value is low, the product easi-
ly breaks up indicating a crunchier product. A ball
probe (5 mm diameter) was used to penetrate the
samples at a constant speed rate of 1.0 mm/s. Meas-
urements were done on 5 pieces of samples for all
the products.

Colour properties determination

The colour properties of the VFBTPW product
were determined using a Minolta Reflectance Chro-
ma Meter CR 210 (Minolta Corp., Osaka, Japan) by
measuring the L*, a* and b* colour values. The L*
value range from 0 (Black) and 100 (White), the a*
value from —a* (Green) and +a* (Red) while the b*
value range from —b* (Blue) and +b (Yellow). The
different products were ground in a multi grinder
(Sunbeam Corp., Botany, NSW, Australia) and then
a 10g sample was placed on a petri dish without cov-
er. Five sets of ground samples were obtained from
each trial run and the average of five readings was

used. Before each measurement, the instrument was
calibrated using a white ceramic tile (L =98.06,
aX=-0.23, b= 1.88). The Chroma which is the sat-
uration and intensity of colour of the vacuum fried
products were determined using the following equa-
tion,

Chroma = v/a*?+b*? 3)

where:

a* and b* = colour values of the vacuum fried
product

Rehydration properties calculations

The rehydration properties of the VFBT-
PW product were determined by weighing a piece
of dried product in a weighing balance with 0.01g
accuracy (Mettler Toledo, Greifensee, Switzerland)
and then putting the piece of dried product in a heat
resistant glass bowl with boiling water. A heavier
glass bowl was placed on top of the dried product
so that it was fully submerged in the hot water. The
dried product was left to rehydrate for 3 minutes. At
the end of rehydration, the product was taken out of
the water and put on three sets of thick tissue paper
to dry out all surface moisture. The rehydrated prod-
uct was weighed in the same weighing balance. The
same procedure was repeated for 5 pieces of dried
products. The Percentage Gain, Rehydration Rate
and Rehydration Ratio of the individual pieces were
calculated as follows,

Initial product weight —
Rehydrated weight

Percentage Gain = x 100 (4)

Initial product weight

_ Percentage Gain
Rehydration Rate = - ®)
3 minutes

. ) Rehydrated weight
Rehydration Ratio = —— - (6)
Initial product weight

Statistical analyses

A two-way analysis of variance (ANOVA)
using Minitab 15 (Minitab Inc., State College, Penn-
sylvania, USA) was carried out on the moisture con-
tent, fat content, product yield, colour values (L*, a*
and b*) and chroma and integrated force to deter-
mine the significance of the results. The Tukey’s test
was used to locate the difference between the means
(Walpole et al., 1998).
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Results and Discussion

Preliminary experiments on vacuum frying of
frozen unmarinated beef slices

The moisture, fat and product yield of VFBTPW
unmarinated beef slices processed using 0.5 kg and
2.0 kg frozen sample (4 mm thick) at different frying
temperature and time with chamber pressure of 0.7 +
0.4 kPa and centrifugation of fried samples under the
same chamber pressure at 670 rpm for 4 minutes, as
well as freeze-dried (FD) unmarinated beef slices at
a plate temperature of 60°C chamber pressure of less
than 0.1 kPa and for 30 hours are summarised in Table
1. The results show that the use of 0.5 kg in vacuum
frying resulted to a product with low moisture con-
tent, high fat content and higher product yield even
with a shorter frying time. When the amount of sam-
ple used in vacuum frying was increased to 4-times
(2.0 kg) and using a frying time that was 4-times (60
minutes) the product gave a higher moisture content,

Table 1. Moisture, fat, and product yield of vacuu

lower fat content and product yield. By using a frying
temperature of 73°C and frying time of 88 minutes
can bring down the product moisture content to 2.0%
dry basis and attain a fat content of 30.0% dry basis
and product yield of 31.7%.

A VFBTPW unmarinated beef slices can be
a ready-to-eat product, or it can be incorporated in
instant noodles with beef flavour. Hence, the rehydra-
tion properties such as the rehydration rate and rehy-
dration ratio are important properties for the VFBT-
PW products as a noodle ingredient. Table 2 shows
the rehydration rate and rehydration ratio of VFBTPW
unmarinated beef slices processed with different frying
temperature of and time and chamber pressure of 0.7
+ 0.4 kPa with centrifugation of fried products under
the same chamber pressure at 670 rpm for 4 minutes,
as well as freeze-dried (FD) unmarinated beef slices at
a plate temperature of 60°C chamber pressure of less
than 0.1 kPa and for 30 hours. The results show that the
use of 0.5 kg frozen sample in vacuum frying resulted

m fried unmarinated beef slices processed using 0.5 kg

and 2.0 kg frozen sample (4 mm thick) at different frying temperature of and time and chamber pressure
of 0.7 £ 0.4 kPa with centrifugation of fried products under the same chamber pressure at 670 rpm for
4 minutes, as well as freeze-dried (FD) unmarinated beef slices at a plate temperature of 60°C chamber

pressure of less than 0.1 kPa and for 30 hours.

Treatment AI(I;(ogl;nt ot Tel(I:pCf):rature Fr}?;i?rn’g)ime MOiSt(l;};e d(l;)())ntent Fat Content  Product Yield
Tl 0.5 kg T9£1%* 15 1.9a 37.5a 36.4a
T2 2.0 kg 79%** 60 2.8b 16.9b 27.0c
T3 2.0 kg T3x* 88 2.0a 30.0a 31.7b
FD 0.5 kg NA NA 2.4ab 19.4b 12.0d

Legend: * mean of 3 runs; ** — mean of 2 runs; mean of 5 measurements for each run with means with the same letter are not signifi-
cantly different from each other at 95% confidence level; NA — not applicable

Table 2. Rehydration rate and ratio of vacuum fried unmarinated beef slices processed with different frying
temperature of and time with chamber pressure of 0.7 & 0.4 kPa and centrifugation of fried products under
the same chamber pressure at 670 rpm for 4 minutes, as well as freeze-dried (FD) unmarinated beef slices at
a plate temperature of 60°C chamber pressure of less than 0.1 kPa and for 30 hours.

Rehydration ratio**

Sample Al(l‘;(()gl;nt Oil Tel(I:pC(;rature Fr);i:l%n’g)ime Rehy?(;ft/iltr)lriln;ate** (Kg l:ehy drated/
kg dried product)
T1 0.5 kg 79 15 18.7b 16b
T2 2.0kg 79 60 7.9d 1.2¢
T3 2.0kg 73 88 15.5¢ 1.5b
FD 0.5kg NA NA 28.5a 1.9a

Legend: **mean of 5 measurements for each run with means with the same letter are not significantly different from each other at 95%

confidence level; NA — not applicable
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to a product with high rehydration rate and rehydration
ratio even with a shorter frying time. When the amount
of sample used in vacuum frying was increased to
2.0 kg (4-times) and using a frying time of 60 min-
utes (4-times) the product gave lower rehydration rate
and rehydration ratio. By using a frying temperature
of 73°C and frying time of 88 minutes gave a product
rehydration rate of 15.5%/min and rehydration ratio of
1.5 kg rehydrated/kg dried product. Hence, in the suc-
ceeding experiments the use of 0.5 kg with a frying
temperature of 79+1°C for vacuum frying were used.

Effect of frying temperature on the different
properties of vacuum fried beef slices

Vacuum frying experiments were carried out
using a frying temperature of around 80°C for vac-
uum frying of frozen unmarinated beef slices at
different frying times. The moisture, fat and prod-
uct yield of VFBTPW unmarinated beef slices pro-
cessed using 0.5 kg of frozen sample (4 mm thick)
with a mean frying temperature of 79+1°C and dif-
ferent frying time and chamber pressure with cen-
trifugation of fried products under the same chamber
pressure at 670 rpm for 4 minutes are summarised in
Table 3. The results show that frying times of 5 to 10
minutes resulted to higher VFBTPW product mois-
ture content especially with the shortest frying time.
The fat contents of the products were not signifi-
cantly different from each other at all frying times. It
was observed that the fat content of the products had
high variability. The frying time of 5 minutes gave
the highest product yield due its high moisture con-
tent. The fat content and product yield of the vacu-
um fried mussel and cooked prawn products were 27
to 39% dry basis and 24 to 32%, respectively (Dia-

mante and Yamaguchi, 2021) which were slightly
lower than the vacuum fried unmarinated beef slic-
es. But the moisture content of the vacuum fried
mussel and cooked prawn products were 1.3 to 1.9%
dry basis (Diamante and Yamaguchi, 2021) which
compared well with the vacuum fried beef products.
Table 4 shows the rehydration rate and ratio of
VFBTPW unmarinated beef slices processed using
0.5 kg of frozen sample (4 mm thick) with a mean
frying temperature of 79+1°C and different frying
time and chamber pressure with centrifugation of
fried products under the same chamber pressure at
670 rpm for 4 minutes. The results suggest that the
rehydration rate and rehydration ratio of the vacu-
um fried products were not affected by frying time
despite a decreasing chamber pressure with increas-
ing frying time. Diamante and Yamaguchi (2021)
reported the rehydration rate of vacuum fried mussel
and cooked prawn products were 12 to 18 %/min and
the rehydration ratio were 1.36 to 1.54 kg rehydrat-
ed/kg dried product which compared well with the
vacuum fried unmarinated beef slices in this study.
The L*, a* and b* colour values, chroma and
integrated force of VFBTPW unmarinated beef slic-
es processed using 0.5 kg of frozen sample (4 mm
thick) with a mean frying temperature of 79+1°C and
different frying time and chamber pressure with cen-
trifugation of fried products under the same chamber
pressure at 670 rpm for 4 minutes are shown in Table
5. The results show that the degree of lightness (L*
colour value) and degree of yellowness (b* colour
value) of the vacuum fried products decreased with
frying time above 7.5 minutes. In addition, the degree
of lightness (L* colour value) and degree of yellow-
ness (b* colour value) of the products were similar
for frying time of 10 to 45 minutes. However, the
chroma value of the products were not significant-

Table 3. Moisture, fat, and product yield of vacuum fried unmarinated beef slices processed using 0.5 kg frozen
sample (4 mm thick) at a mean frying temperature of 79+1°C and different frying time and chamber pressure
with centrifugation of fried samples under the corresponding chamber pressure at 670 rpm for 4 minutes.

Treatment/  Oil Temperature Chamber Pressure Moisture Content** Fat Content** Product Yield**
(Frying Time) °O) (kPa) (% db) (% db) (%)

T1 (5 mins) 78.1a 1.44b 35.7d 31.7a 42.2b

T2 (7.5 mins) 78.0a 1.17a 11.7¢c 33.4a 36.6a

T3 (10 mins) 78.0a 0.97a 4.2b 33.2a 35.0a

T4 (15 mins) 79.3a 8.4a 1.9a 37.5a 36.4a

T5 (30 mins) 79.1a 0.62a 1.7a 36.4a 35.2a

T6 (45 mins) 80.0a 0.58a 1.4a 39.6a 36.1a

Legend: **mean of 5 measurements for each run with means with the same letter are not significantly different from each other at

95% confidence level
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Table 4. Rehydration rate and ratio of vacuum fried unmarinated beef slices processed using 0.5 kg frozen

sample (4 mm thick) at a mean frying temperature of 79+1°C and different frying time and chamber pressure

with centrifugation of fried products under the corresponding chamber pressure at 670 rpm for 4 minutes.

Rehydration ratio**

Treatment/ Oil Temperature Chamber Pressure  Rehydration rate**
(Frying Time) ©C) (kPa) (% /min) e e
kg dried product)
T1 (5 mins) 78.1 1.44 12.7a 1.4a
T2 (7.5 mins) 78.0 1.17 14.2a 1.4a
T3 (10 mins) 78.0 0.97 16.5a 1.5a
T4 (15 mins) 79.3 0.84 18.7a 1.6a
T5 (30 mins) 79.1 0.62 15.9a 1.5a
T6 (45 mins) 80.0 0.58 16.4a 1.5a

Legend: **mean of 5 measurements for each run with means with the same letter are not significantly different from each other at

95% confidence level

ly different from each other. Hellmann and Diaman-
te (2022) reported that the colour values of vacuum
fried marinated beef slices at the frying temperatures
of 65 to 95°C, frying time of 26 to 66 minutes and
centrifuge rotational speed of 20 to 670 rpm) were
L*=41t049,a*=9to 12 and b* = 14 to 22. The L*
and b* colour values of the vacuum fried unmarinat-
ed beef slices from this study were different probably
due to no marination of the beef slices. The integrat-
ed force of the products decreased with frying time
above 7.5 minutes. Furthermore, the integrated force
of the products was the same for frying time of 10 to
45 minutes of 1.2 to 2.1 kg.sec which were higher
than that of vacuum fried marinated beef slices at the
optimized vacuum frying conditions (85°C, 52 min-
utes and 517 rpm) of 0.3 kg.sec (Hellmann and Dia-
mante, 2021) indicating that it was crunchier than the
vacuum fried unmarinated beef products.

Physicochemical properties of vacuum fried and
freeze-dried beef products

Comparison of the physicochemical properties
of VFBTPW and freeze-dried unmarinated beef slic-
es using 0.5 kg from Tables 1 and 2, showed that the
vacuum fried product had lower moisture content
but had higher fat content and product yield com-
pared with the freeze-dried product. The rehydration
rate and rehydration ratio of the vacuum fried prod-
uct were lower than the freeze-dried product.

Effect of vacuum frying on the meat structure of
VFBTPW unmarinated beef slices

The scanning electron microscope (SEM)
image of the low moisture vacuum fried beef cut
longitudinally and transversally to the beef muscle
fibres using 0.5 kg and 4 mm thick frozen unmari-

Table 5. L*, a* and b* colour values, chroma and integrated force of vacuum fried unmarinated beef slices
processed using 0.5 kg frozen sample (4 mm thick) at a mean frying temperature of 79+1°C and different
frying time and chamber pressures ranging from 0.58 to 1.44 kPa with centrifugation of fried products
under the corresponding chamber pressure at 670 rpm for 4 minutes.

Treatment L* value** a* value** b* value** Chroma** Integrated Force**
(no units) (no units) (no units) (no units) (kg. sec)
T1 (5 mins) 46.3b 9.9a 15.9b 18.8a 4.0b
T2 (7.5 mins) 49.1b 11.0a 14.8b 18.5a 3.4b
T3 (10 mins) 40.3a 10.9a 10.8a 15.4a 1.7a
T4 (15 mins) 34.1a 10.1a 7.9a 12.9a 1.2a
T5 (30 mins) 31.4a 9.2a 6.2a 11.8a 2.1a
T6 (45 mins) 30.9a 9.1a 6.1a 11.0a 1.6a

Legend: **mean of 5 measurements for each run with means with the same letter are not significantly different from each other at

95% confidence level
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nated beef slices processed with an average oil tem-
perature of 80°C (Figure 2) and the SEM image
of the high moisture vacuum fried beef cut longi-
tudinally and transversally to the beef muscle fibre
using 0.5 kg and 4 mm thick frozen unmarinated
beef slices processed with an average oil tempera-
ture of 78°C (Figure 3). The results show that the
beef muscle fibres of the low moisture vacuum fried
product were looser and more porous compared
with the high moisture product which were more
compact. The porous structure of the low moisture
product resulted from subliming the ice of the fro-
zen beef sample during vacuum frying. The aver-

age chamber pressure of the process was 0.58 kPa
which was below the triple point of water. Because
of the short frying time (5 minutes) and the aver-
age chamber pressure of 1.44 kPa which was above
the triple point of water, the ice in the high moisture
product were not sublimed during the vacuum frying
process and so this remained in the product as lig-
uid water thereby facilitating the fusing of the beef
muscle fibres at the end of the process. On the other
hand, the SEM image of the freeze-dried beef prod-
uct cut longitudinally and transversally to the beef
muscle fibres using 0.5 kg and 4 mm thick frozen
unmarinated beef slices processed with a chamber

SEl 100kV  X40 100pm WD 14.3mm

Figure 2. SEM image of low moisture vacuum fried unmarinated beef (MC=1.4% dry basis) cut
longitudinally (a) and transversally (b) to the beef muscle fibres using 0.5 kg and 4 mm thick frozen
unmarinated beef processed with an average oil temperature of 80°C, an average pressure of
0.58 kPa and frying time of 45 minutes.

100pm WD 153mm

10.0kv X40

Figure 3. SEM image of high moisture vacuum fried unmarinated beef (MC=35.7% dry basis) cut
longitudinally (a) and transversally (b) to the beef muscle fibres using 0.5 kg and 4 mm thick frozen
unmarinated beef processed with an average oil temperature of 78°C, an average pressure of
1.44 kPa and frying time of 5 minutes.
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Figure 4. SEM image of freeze-dried unmarinated beef cut longitudinally (a) and transversally (b) to the beef
muscle fibres using 0.5 kg and 4 mm thick frozen unmarinated beef processed with a chamber temperature of
60°C and chamber pressure of 0.0.01 kPa for about 30 hours.

temperature of 60°C and chamber pressure of 0.0.01
kPa for about 30 hours (Figure 4). The freeze-dried
product was more porous than the low moisture vac-
uum fried unmarinated beef based on a transversal
cut, but the reverse was observed when it is based
on a longitudinal cut. Lapoolkit and Suwannaporn
(2011) reported the SEM image of the longitudinal
and transversal structure of freeze-dried pork and
Messina et al. (2015) of the SEM image of the trans-
versal structure of freeze-dried beef which com-
pared ell with the SEM image of the low moisture
vacuum fried unmarinated beef. The freeze-dried
pork though had slightly more pores than the vacu-
um fried beef.

Implications of the results

The results suggest that the vacuum frying
below the triple point of water (VFBTPW) of fro-
zen food is a new technology that can be used to pro-
duce dried meat and seafood products, especially as
an ingredient for instant noodles that will have good
rehydration properties closer to freeze-dried prod-
ucts. The VFBTPW dried product had higher fat con-
tent which resulted in higher product yield compared
with freeze-dried product. High fat content dried beef
product in instant noodles is acceptable because some
manufacturers add an oil sachet to enhance the fla-
vour. In addition, the dried product from VFBTPW
can be produced in a much shorter time (about 15
minutes) compared to freeze-dried products (about 30
hours). Hence, the VFBTPW dried products will be
much cheaper compared with the freeze dried prod-
uct, especially when used in instant noodles.

Conclusion

Using 0.5 kg frozen unmarinated beef slices in
vacuum frying below the triple point of water (VFBT-
PW) at 79°C resulted to a product with low moisture
content, high fat content, higher product yield and
high rehydration rate and rehydration ratio even with
a shorter frying time compared to a 2.0 kg frozen sam-
ple. The frying times of 5 to 10 minutes resulted to
higher VFBTPW product moisture content especial-
ly with the shortest frying time. The fat contents of the
VFBTPW products were not significantly different
with each other at all frying times. The frying time of
5 minutes gave the highest product yield due its high
moisture content. The rehydration rate and rehydra-
tion ratio of the VFBTPW products were not affected
by frying time despite a decreasing chamber pressure
with increasing frying time. The degree of lightness
(L* colour value) and degree of yellowness (b* colour
value) of the VFBTPW products decreased with fry-
ing time above 7.5 minutes. The degree of lightness
(L* colour value) and degree of yellowness (b* colour
value) of the products were similar for frying times of
10 to 45 minutes. The chroma value of the products
were not significantly different from each other.

The VFBTPW product had lower moisture
content but had higher fat content and product yield
compared with the freeze-dried product. The rehy-
dration rate and rehydration ratio of the VFBTPW
product were lower than the freeze-dried product.

The beef muscle fibres of the low moisture
VFBTPW product were looser and more porous
compared with the high moisture product which
were more compact.
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PrZzenje smrznutih nemariniranih komada govedine u
vakuumu ispod trostruke tacke vode (VFBTPYV)

Lemuel M. Diamante

Apstrakt: IstraZivanje je sprovedeno: a) kako bi se smrznuti nemarinirani tanki komadi govedeg mesa przili u vakuumu ispod
trostruke tacke vode (VFBTPV — Vacuum Frying Below the Triple Point of Water) koristeci konstantnu kolicinu koris¢enog uzorka i
temperaturu przenja sa razlic¢itim vremenima przenja, odredio sadrzaj vliage i masti , kao i prinos proizvoda i rehidratacija, svojstva
boje i teksture dobijenih proizvoda przenih u vakuumu, b) kako bi se uporedile fizicko-hemijske osobine VFBTPV i proizvoda osusenih
zamrzavanjem, i c) kako bi se procenila struktura vakuumski przenih komada govedine pomocu skenirajuceg elektronskog mikroskopa.
Przenjem u vakuumu zamrznutih nemariniranih komada govedeg mesa na 79+1°C, zakljuceno je da sto je vreme przenja krace, to je
veci sadrzaj viage u vakum przenom proizvodu. Sadrzaj masti u proizvodima nije se znacajno medusobno razlikovao. Vieme prienja
od 5 minuta dalo je najveci prinos proizvoda zbog visokog sadrzaja vilage. Vreme przenja nije uticalo na stopu rehidratacije i odnos
rehidratacije proizvoda, uprkos smanjenju pritiska u komori sa povec¢anjem vremena przenja. Vrednosti za boju proizvoda nisu se ra-
zlikovale medusobno. Integrisana sila proizvoda smanjila se sa viemenom przenja iznad 7,5 minuta. Proizvod przen u vakuumu imao je
nizi sadrzaj vlage, ali je imao veci sadrzaj masti i prinos proizvoda u poredenju sa liofilizovanim/suvo zamrznutim proizvodom. Brzina/
stopa rehidratacije i odnos rehidratacije proizvoda przenog u vakuumu bili su nizi nego kod liofilizovanog/suvo zamrznutog proizvoda.
Misiéna vilakna govedeg mesa kod proizvoda sa malom vlagom bila su labavija i poroznija u poredenju sa proizvodom sa visokom
vliagom koj je bio kompaktniji. Liofilizovani /suvo zamrznuti proizvod bio je porozniji od nemarinirane govedine przene u vakuumu sa

niskom viagom na osnovu poprecnog reza, ali obrnuto je uoceno kada se radi o uzduznom rezu.
Kljucne reci: przenje u vakuumu, komadi govedeg mesa, fizicko-hemijska, rehidrataciona svojstva.

Disclosure statement: No potential conflict of interest was reported by authors.

Acknowledgements: The Project was financed from funds of the New Zealand Ministry of Science and Inno-
vation (PROP-20729-LNNR-LIN). The authors would like to thank the Department of Wine, Food and Mo-
lecular Biosciences, Lincoln University for providing the research facilities.

References

Bouchon, P., Aguilera, J. M. & Pyle, D.L. (2003). Structure
oil-absorption relationships during deep-fat frying. Jour-
nal of Food Science, 68, 2711-2716.

Dueik, V. & Bouchon, P. (2011). Development of healthy
low-fat snacks: understanding the mechanisms of quali-
ty changes during atmospheric vacuum frying. Food Re-
views International. 27, 408—432.

Diamante, L. M. & Yamaguchi. Y. (2021). Vacuum frying of
selected shellfish products. Eurasian Journal of Food Sci-
ence and Technology, 5, 11-24.

Diamante, L. M., Shi, S., Hellmann, A. & Busch, J. (2015).
Vacuum frying foods: products, process and optimization.
International Food Research Journal, 22, 15-22.

Diamante, L., Durand, M.., Savage, G. & Vanhanen, L.
(2010). Effect of temperature on the drying characteris-
tics, colour and ascorbic acid content of green and gold
kiwifruits. International Food Research Journal, 17,
441-451.

Fan, L., Zhang, M., Xiao, G., Sun, J. & Tao, Q. (2005). The
optimization of vacuum frying to dehydrate carrot chips.

International Journal of Food Science and Technology.
40, 911-919.

Garayo, J. & Moreira, R. (2002). Vacuum frying of potato
chips. Journal of Food Engineering. 55, 181-191.
Garcia-Segovia, P., Andres Bello, A. & Martinez Monzo, J.
(2007). Effect of cooking method on mechanical proper-
ties, colour and structure of beef muscle (M. pectoralis).
Journal of Food Engineering, 80, 813—-821.

Guildner, L. A., Johnson, D. P. & Jones, F. E. (1976). Vapor
pressure of water at its triple point. Journal of Research of
the National Bureau of Standards, 80 (A), 505-521.

Jeong, J., Don-Kim, G., Sul Yang, H. & Tea Joo, S. (2011).
Effect of freeze-thaw cycles on physicochemical proper-
ties and colour stability of beef semimembranous muscle.
Food Research International, 44, 3222-3228.

Laopoolkit, P. & Suwannaporn, P. (2011). Effect of pretreat-
ments and vacuum drying on instant dried pork process
optimization. Meat Science, 88, 553-558.

Lewicki, P. P. (2006). Some remarks on rehydration of dried
foods. Journal of Food Engineering, 36, 81-87.

Messina, V., Sancho, A., Grigioni, G., Fillipini, S., Pazos,
A., Paschetta, F., Chamorro, V. & Walsoe de Reca,
N. (2015). Evaluation of different bovine muscles to
be applied in freeze-drying for instant meal. study of

94



Meat Technology 63 (2022) 2, 85-95

physicochemical and senescence parameters. Animal, 9,
723-727.

Nihei, M. (2021). 10 best Japanese instant noodles. (https:/
jw-webmagazine.com). accessed 25 July 2022.
Rahman, S. M. (2003). A theoretical model to predict the for-

mation of pores in foods during drying. International
Journal of Food Properties, 6, 61-72.

Paper received: August 18" 2022.
Paper corrected: October 13 2022.
Paper accepted: August 24 2022,

Santchurn, S. J., Arnaud, E., Zakhia-Rozis, N. & Collignan,
A. (2012). Drying: principles and applications. In Hand-
book of Meat and Meat Processing (Y.H. Hui, ed.). CRC
Press. Boca Raton, FL, USA, 505-521.

Walpole, R. E., Myers, R. H. & Myers, S. L. (1998). Probabil-
ity and Statistics for Engineers and Scientists (6™ Edition).
Upper Saddle River, New Jork, USA.

95




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


