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ABSTRACT

Shallot (Allium ascalonium) is a popular ingredient in Asian cuisine including Vietnam. Fried shallot
is widely used in the preparation of various traditional meals. However, the kinetic models of sliced
shallot frying process have not been considered. In this study, the effects of frying temperature
on changes in moisture content, oil uptake, hardness and instrumental color of sliced shallot were
examined and their kinetic models were investigated. Increase in frying temperature from 130 to
150°C accelerated the moisture loss and oil uptake content of the shallot in order to achieve the
equilibrium values within a shorter frying time. At the frying temperature of 130, 140 and 150°C,
the final moisture content of fried shallot was 2.60 £ 0.36, 292 £ 0.35 and 1.64 £ 0.43 g/100g,
while the oil uptake content was 47.26 + 1.42, 46.36 + 1.45 and 46.07 + 0.40 g/100g dry mat-
ter, respectively. During the first step of frying, the hardness of shallot was slightly reduced but it
was greatly enhanced and achieved maximum at the end of the process. In addition, the darkness
level of fried shallot witnessed the same upward trend during frying. Based on the experimental
data, the appropriate kinetic models for changes in moisture content, oil uptake level, hardness
and color values of sliced shallot during the frying process at different temperatures were being
developed with the correlation (R?) greater than 0.95. Page model appeared to be the most ap-
propriate for moisture loss and oil uptake whilst the three models including Newton model, Wang
& Singh model, Third-order Polynomial model were shown to be suitable for changes in hardness
of fried shallot. However, the changes in color values only fit the Third-order Polynomial model.
In conclusion, this study could predict the effects of temperature and time on the shallot quality

during the frying process.
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INTRODUCTION

Shallot (Allium ascalonium) is a flavor-building veg-
etable in the allium family. According to FAO data ',
the total production of onions and shallots is over 4
million tons per year with a total cultivated area of
over 200,000 hectares. In particular, shallot is mainly
distributed in Asia and Africa, and it is widely used in
Asian cuisine.

Frying is one of the conventional cooking processes
to obtain desirable texture and color for many differ-
ent types of food. Using oil as a heat transfer agent
can help create a cooking temperature that exceeds the
boiling point of water inside food ingredients . As the
frying process carries on, both heat and mass transfer
happen at the same time. In this case, oil is not only a
heat transfer agent but is also absorbed into the food *.
Besides, high temperatures used in frying can cause
changes in food color due to the browning process®.

Previous studies on the effects of frying temperature
and time on food qualities reveal that the higher the

frying temperature, the greater the amount of oil ab-
sorbed into the product*=®. The oil distribution in a
fried food product is related to its initial moisture dis-
tribution”. In addition, changes in fried food texture

in respect to frying temperature were also reported ®.

Sliced fried shallot is a well-known ingredient in
Asian cuisine. This product is commercially available
in the market of Southeast Asian countries. Neverthe-
less, the kinetic models of changes in shallot during
the frying process have not been considered in the lit-
erature. The purpose of this paper is to (i) investigate
the effects of frying temperature and time on changes
in moisture content, oil uptake level, color and hard-
ness values of the product; (ii) select the kinetic mod-
els for the changes in moisture content, oil uptake,

color and hardness values during the frying process.

MATERIALS AND METHODS
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Materials

Fresh shallot (Allium ascalonium) was procured from
a local market of Ho Chi Minh City, Vietnam. The
shallot was peeled, sliced into approximately 2,0 £ 0,2
mm thickness. Soybean oil was originated from Cai
Lan Oils and Fats Industries Company, (Ho Chi Minh
City, Vietnam). Analytical chemicals were originated
from VN Chemsol, Ho Chi Minh City, Vietnam.

Sliced shallot frying

Approximately 200 grams of freshly sliced shallot was
being deep-fried in 400 grams of soybean oil at three
isothermal temperatures (130°C, 140°C, and 150°C)
until the fried slices reached a dark-brown color. Dur-
ing the frying process, 10 grams of shallot sampling
was taken out every 30 seconds in order to deter-
mine changes in moisture content, oil uptake, color
and hardness. Oil was being changed after each fry-
ing batch.

Moisture content analysis

The moisture content was estimated by using AOAC
method 984.25. About 3 grams of fried shallot was
being dried in an oven at 105°C to constant mass in
order to calculate moisture loss.

The term moisture ratio (MR), a dimensionless factor,
was used to describe the frying kinetics of moisture
loss during the frying process. It is defined as the ratio
between the moisture loss at frying time t and the total
moisture loss when the equilibrium moisture content
of fried product was achieved.

_ M —M,

MR = ——
MifMe

(1)
Whereas, M; is the moisture content of product at fry-
ing time t; M; is the initial moisture content of product
and M, is the equilibrium moisture content of prod-
uct.

Oil uptake analysis

Oil content was determined by Soxhlet extraction.
About 3 grams of fried shallot was being air-dried in
an oven at 105°C to constant mass and the oil was then
extracted with diethyl ether for 5 hours.

The term oil ratio (OR), a dimensionless factor, was
used to present the frying kinetics of oil uptake dur-
ing the frying process. It is defined as the ratio be-
tween oil uptake at frying time t and the total oil up-
take when the equilibrium oil content of fried product
was achieved.

L —L
OR=—"1""*¢ 2)
Li—L,

Whereas, L; is the amount of oil absorbed into prod-
uct at time t; L; is the initial lipid content of product
and L, is the equilibrium oil content of product.

Hardness analysis

The hardness of fried shallot was measured by Texture
Profile Analysis (TPA) using a texture analyzer (TA-
XT Plus, Stable Micro Systems, UK) equipped with a
5 kg load cell. The probe used had a diameter of 3.5
mm and was inserted to a depth of 10 mm. Both pre-
test and post-test speeds were set to 10 mm/s, and the
test speed was set to 1 mm/s. The resulting data were
analyzed using Exponent Connect Lite 7.0 Software.

Instrumental color analysis

The color values of fried shallot were determined by
using the Konica Minolta spectrophotometer (CM —
3700A model, Konica Minolta Inc, Osaka, Japan).
Color data were presented by CIE L* (lightness), a*
(redness), b* (yellowness) coordinates. The total color
difference (AE) was calculated as follows:

AE =
V@31 + (@ —a) + (55— )’

Where L, ay and bjj are the color values of the sample

3

at start of the frying; L*, a* and b* are the color values
of the fried sample.

Statistical analysis

All fried samples were conducted at least three times.
Each fried sample was analyzed three times and av-
erage values were reported while statistically signifi-
cant was accepted at p < 0.05. The best fitting model
was performed by using the least squares method for
nonlinear regression analysis using RStudio software
2022.12.0 for Windows (Posit, PBC). One-way anal-
ysis of variance (ANOVA) was performed by using
the software Statgraphics Centurion XV (Manugistics
Inc., Rockville, MD, USA).

RESULTS AND DISCUSSION

Moisture content of shallot slices during
frying time at different temperatures

Changes in the moisture content of sliced shallots dur-
ing the deep-frying process are shown in Figure 1.
Starting at 80.49 + 0.38 g/100g shallot, the moisture
content of the shallot decreased as the frying pro-
ceeded. During the first four minutes, the decreased
level of moisture content of shallot was nearly sim-
ilar at the three frying temperatures. The increase
in frying temperature from 130°C to 150°C greatly
enhanced the moisture loss from the 4 to the 9"
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minute. Then, the moisture loss slowed down until
the moisture content of shallot reached equilibrium
values, which were 2.60 £ 0.37 g/100g at 130°C, 2.92
=+ 0.35 g/100g at 140°C and 1.64 = 0.43 g/100g at
150°C. According to East African Food Standards, the
final moisture content of deep-fried products, such
as potato crisps must be below 5g/100g°. Therefore,
these equilibrium values of fried shallot’s moisture
content at different frying temperatures is acceptable
to obtain an extended shelflife for the product. More-
over, the higher temperature during the deep-frying
process requires less time to reach the equilibrium val-
ues of moisture content in shallot, which were 12 +
0.25 min, 9.5 + 0.25 min, and 9.15 4+ 0.25 min at
130°C, 140°C and 150°C, respectively.

= Standard moisture content
—*—130°C
——140°C
—8—150°C

Moisture content (g/100g)
IS
S

0 1 2 3 4 5 6 7 8
Frying time (min)

9 10 11 12

Figure 1: Effects of frying temperature on moisture
loss of sliced shallot

Kinetic models for moisture loss of shallot being fried at
130°C, 140°C and 150°C

The data recorded from the experiment were tested
with different models by the RStudio program. Six
mathematical models built for the changes in mois-
ture content during the frying process at different
With the ex-
perimental data, the Newton, Henderson & Pabis,

temperatures are shown in Table 1.

and Logarithmic models found to be unsuitable as
the regression coefficients (R?) of these models were
smaller than 0.95. The three models with R? greater
than 0.95 for the three temperatures were the Page,
Midilli, and Wang & Singh models. However, the
Page model appeared to be the most appropriate
model with the highest R? of 0.9965, 0.9969, and
0.9965 at 130°C, 140°C, and 150°C, respectively. A
similar model was also reported by Ngan et al. (2013)
when the drying kinetics for moisture loss in fried
shallot was investigated '°.

Oil uptake of shallot during frying time at
different temperatures

Changes in oil uptake during the deep-frying process
are presented in Figure 2. Overall, the oil content of

shallot increased as the frying proceeded. Starting at
0.82 £ 0.07 g/100g dry matter, the oil content of the
shallot gradually increased. The oil uptake of sliced
shallot was nearly similar at the first 6 min of the fry-
ing. Then the oil uptake was faster for the shallot sam-
ple fried at the higher temperature. Finally, the equi-
librium value was 47.26 + 1.42 g/100g dry matter at
130°C and 46.07 £ 0.40 g/100g dry matter at 150°C.
Oil uptake of shallot being fried for 12 4 0.25 min at
130°C, 9.5 £ 0.25 min at 140°C and 8.85 + 0.25 min
at 150°C were 47.26 + 1.42 g/100g dry matter, 46.36
+ 1.45 g/100g dry matter and 45.88 4 0.59 g/100g dry
matter, respectively.

Kinetic models for oil uptake of shallot being fried at
130°C, 140°C and 150°C

Four mathematical models based on the obtained ex-
perimental data at different temperatures are visual-
ized in Table 2. It can be noted that the Newton and
Henderson & Pabis model were found inappropri-
ate as the regression coeflicients (R?) of these mod-
els were smaller than 0.95. With R? greater than
0.95 for the three temperatures, the Page model and
the Wang & Singh model were both suitable. How-
ever, the Page model showed great aptness for hav-
ing the highest R2 of 0.9925, 0.9933, and 0.9803 at
130°C, 140°C, and 150°C, respectively. According to
Krokida et al. (2000)4, the Arrhenius model was used
for kinetic calculations of oil uptake during the french
fries frying. This kinetic model was also used for sim-
ilar fried products including chicken nuggets'” and
Gethi strips 8.

Changes in texture of fried shallot during
frying time at different temperatures

Changes in hardness during the deep-frying process
are demonstrated in Figure 3. The initial hardness
value was 8.1 & 1.2 N and increased to about 3.5 +
0.8 N in 4 min for all samples. The increase in hard-
ness was probably due to the reduced moisture con-
tent of shallot '°. The hardness value of samples fried
at 150°C was 29.3 £ 0.9 N in 8.85 £ 0.25 min, at
140°C was 28.5 £ 2.0 N in 10.25 # 0.25 min, and at
150°C was 29.3 & 2.0 N in 12.00 £ 0.25 min. A simi-
lar observation was reported in the beginning stage of
deep-fat frying yellow fleshed Cassava Chips .
Kinetic models for hardness of shallot being fried at
130°C, 140°C and 150°C

Three mathematical models based on the experimen-
tal data are shown in Table 3. All of these models were
found to be suitable as the regression coefficients (R?)
of these models were greater than 0.95. According to
Kumar et al. (2006) '?, the kinetic model used for cal-
culating the hardness of Gulabjamun balls (an Indian
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Table 1: Kinetic models for the moisture loss of shallot during frying

Model Equations Frying Model constants R2 Reference
temper-
atures
O
Newton  MR=e ¥ 130 k = 0.1962 0.9020 0
140 k = 0.2070 0.8863
150 k = 0.2521 0.8875
Page MR = e M" 130 k = 0.0135, n = 2.3639 0.9965 i
140 k=0.0119, n =2.5193 0.9969
150 k=0.0073, n = 2.9894 0.9965
Henderson MR = ae 130 a=1.0705, k= 0.2048 0.8842 12
& Pabis
140 a=1.0683, k=0.2159 0.8788
150 a=1.0479, k= 0.2587 0.8767
Logarithm MR =ae % +¢ 130 a=2.2178, k= —1.1940, ¢ = 0.0555 0.2911 13
140 a=3.9742, k = —2.9607, ¢ = 0.0302 0.3836
150 a=2.7876, k = —1.7684, ¢ = 0.0530 0.3103
Midilli MR = ae™" + bt 130 a=1.0220, k = 0.0023, b = 0.0880 0.9892 e
etal
140 a=1.0146, k = 0.0010, b = 0.0519 0.9830
150 a=1.0176, k = 0.0029, b = 0.0927 0.9644
Wang & MR=1+at+b> 130 a=—0.1200, b = 0.0026 0.9785 =
Singh
140 a=—0.1083, b = 0.0005 0.9804
150 a=—0.1345, b = 0.0023 0.9634

milk sweet) followed the rules of zero-order kinetics.
However, this model was found unfit with the data of
shallot frying.

Color changes

Effect of frying temperature on the surface color
changes (L*, a* and b*) of the shallot slices are pre-
sented in Figure 4. The final value of L*, a*, b* and
AE were recorded at 10.50 4 0.25 minutes, 9.50 +
0.25 minutes, 8.85 &+ 0.25 minutes for 130°C, 140°C,
and 150°C, respectively. The lightness value (L) de-
creased from 63.2 £ 1.2 to 38.8 & 0.4 at 130°C, 40.0
+ 1.0 at 140°C, 39.0 = 1.0 at 150°C. The redness (a)
increased from -1.9 £ 0.2 to 21.5 + 1.1 at 130°C, 22.5
=+ 2.2at 140°C, 29.0 £ 1.5 at 150°C while the yellow-
ness (b) increased from 11.0 & 1.1 to 40.1 + 1.7 at
130°C, 41.3 £ 0.8 at 140°C, 43.2 £ 1.4 at 150°C. In
addition, the color difference of shallot at the start and

the end of frying was greater as the frying temperature
was higher: AE increased from 44.1 + 1.4 at 130°C
to 50.9 £ 2.7 at 150°C. The increase in the color dif-
ference can be attributed to the high temperature and
low moisture, which caused the Maillard reaction and
the caramelization of sugars. Furthermore, a value of
AE > 3.50 also represents a color difference that can be
recognized with the naked eye??. The color change
of the sample at 1300C can be observed after frying
for about 5.35 & 0.25 minutes with AE of 5.16 & 0.76.
Meanwhile, the color change of samples observed at
140°C and 150°C was earlier, after frying about 4.30
4+ 0.25 minutes, with AE values for 140°C and 150°C
being 7.33 £ 1.32 and 6.42 £ 0.62, respectively.
Kinetic models for color changes of shallot being fried at
130°C, 140°C and 150°C

The color values (L*, a* and b*) are modeled using
polynomial equations of third order with R? values
given at Table 4. The experimental data were well fit
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Table 2: Kinetic models for the oil absorption in sliced shallot during frying

Model

Newton

Page

Henderson

& Pabis

Wang &

Singh

Equations

OR=ek

OR=¢ X"

OR =ae™

OR = 1 +at + bt?

Frying Model constants

temper-

atures

)

130 k=0.1757

140 k=0.2127

150 k=0.2262

130 k=0.0302,n =1.9088
140 k=0.0138,n=2.5116
150 k= 0.0054,n = 2.9923
130 a=1.0462,k=0.1814
140 a=1.0423,k=0.2184
150 a=1.0500,k = 0.2328
130 a=—0.1100,b = 0.0021
140 a=—0.1214,b = 0.0018
150 a=—0.0864,b = —0.0035

R2

0.9063

0.8757

0.8939

0.9925

0.9930

0.9803

0.9024

0.8722

0.8905

0.9781

0.9714

0.9552

Reference

10

Oil content (g/100g dry

matter)

—_ b W B L @)}
) o ) < ) <
] ] ] ] ] J

2 3 4 5 6 7 8
Frying time (min)

9 10 11 12

Figure 2: Effects of frying temperature on oil uptake of shallot

—8—130°C
—— 140°C
—8—150°C
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Hardness (N)
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30 - ®— 140°C

25 —8—150°C

20

15
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5
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4 5 6 7 8 9 10 11 12

Frying time (min)

Figure 3: Effects of frying temperature on the hardness of shallot slices

Table 3: Kinetic models for the fried shallot hardness

Model

Newton

Wang &
Singh

Third-order
Polynomial

Equations

H =1+ at+ bt?

H=at>+bt> +ct+d

Frying
tem-
pera-
tures
(°C)

130
140
150

130

140
150

130

140

150

Model constants

k=—0.2852
k=—-0.3262
k= —0.3669

a=—0.2960,b = 0.2125

a=—0.8654,b =0.3254
a=—2.4409,b = 0.5899

a = 0.0778,b = —1.7705,c = 15.7958,d =
—40.1803

a = 0.0950,b = —1.6915,c = 12.7484,d =
—28.0271

a= 05377, b = —9.1570, ¢ = 53.5798, d =
~100.7192

R2

0.9666
0.9803
0.9619

0.9823

0.9825
0.9322

0.9925

0.9881

0.9868

Reference
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Table 4: Kinetic Third-order Polynomial models for the surface color values of fried shallot

Equations Frying tem-  Model constants R?
peratures
(°C)
L* =at’ +bt> +ct+d 130 a=—0.0298,b=0.1699,c = —0.4396,d = 62.3373 0.9925
140 a=—0.1489,b = 1.9166,c = —7.2170,d = 63.7992 0.9881
150 a=—0.2392,b =2.8169,c = —9.5428,d = 63.8931 0.9868
a* =at* +bt> fct+d 130 a= 0.0064,b=0.1784,c = —0.5039,d = —1.7625 0.9925
140 a= 0.0093,b=0.2611,c = —0.7704,d = —1.9493 0.9881
150 a=—0.0369,b =1.1701,c = —3.8130,d = —1.9561 0.9868
b* =at* +bt> +ct+d 130 a=—0.0923,b = 1.9657,c = —8.1749,d = 11.5355 0.9925
140 a=—0.0855,b=1.7144,c = —5.9443,d = 10.9893 0.9881
150 a=—0.2454,b = 4.0045,c = —13.3075,d = 11.6765 0.9868
AE=at* +bt® +ct+ 130 a=—0.0207,b = 0.9116,c = —3.6157,d = 0.4253 0.9925
d
140 a=0.0472,b = —0.0506,c = 0.6723,d = 0.1418 0.9881
150 a=0.0006,b=1.0196,c = —3.1751,d = 0.0716 0.9868
70 . 35 -
60 L 30 | a*
50 A 25
. 40 . 201
=301 —e—130°C ® 15
20 1 —o— 140°C 10 —e— 130°C
104 —=—150°C 5 —o— 140°C
0 S 0 —8— 150°C
01 23 456 7 8§ 9 1011 12 5 s 6 7.8 9 10 11 12
Frying time (min) Frying time (min)
50 - 60
b* AE
40 50 A
40
30 4
= 20 497
—e— 130°C 20 ——130°C
10 —o— 140°C 10 —e— 140°C
. o 150°C . —8— 150°C
01 2 3 4 5 6 7 8 9 10 11 12 01 2 3 4 5 6 7 10 11 12
Frying time (min) Frying time (min)

Figure 4: Effects of frying temperature on L*, a*, b* and AE values during frying time
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to the selected model. Similar model was previously
used to describe the kinetics for color change during

the frying of slices onion?!.

CONCLUSION

The quality of fried shallots was dependent on frying
temperature and time. As the frying temperature in-
creased from 130°C to 150°C, the moisture content
of shallot decreased faster and achieved the required
level for a shorter frying period of time. On the con-
trary, as the temperature accelerated, the oil uptake
in shallot reached the equilibrium value faster. Both
Page and Wang & Singh models were appropriate for
kinetic calculation of changes in moisture content and
oil uptake level. The hardness of shallot gradually en-
hanced during the frying and the Newton, Wang &
Singh, and Third-order polynomial models were suit-
able to predict the change in shallot hardness during
the frying. Increased frying temperature and time of
sliced shallot resulted in darker color and the Third-
order polynomial model was appropriate to estimate
color changes of the product.
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TOM TAT

Hanh tim (Allium ascalonium) 1a mot loai nguyén liéu phé bién trong nén dm thuc cia nhiéu quéc
giaChau A, bao gom ca Viét Nam, va hanh phi dugc st dung réng réi trong rat nhiéu mén an truyén
théng. Tuy nhién, dén nay van chua co cong béd khoa hoc vé ddng hoc clia qua trinh chién hanh.
Bai bdo nay trinh bay anh hudng cla nhiét dé chién dén su thay déi ham lugng &m, luong dau
dugc hdp thu, d6 ciing va mau sac clia hanh phi theo thai gian chién, déng thai xay dung phuong
trinh déng hoc cho nhimng bién déi d6. Khi tang nhiét dé chién hanh tir 130 [én 150°C, su thoat
am va hap thu dau clia mau hanh sé nhanh hon, tir d6 rit ngan thai gian chién dé d6 &m clia hanh
dat dén gié tri can bang. G nhiét do chién 1 130, 140 va 150°C, gi tri d6 &4m clia hanh phi lan lugt
la 2,60 4 0,36, 2,92 4 0,35 va 1,64 4 0,43 g/100g, trong khi dé lugng dau hap thu trong hanh phi
lan luot la 47,26 + 142, 46,36 + 1,45 va 46,07 & 0,40 g/100g chat kho. Trong giai doan dau cla
qua trinh chién, d6 cling ctia hanh gidm nhe nhung sau dé tang dan va dat gia tri cuc dai khi qua
trinh chién két thic. Ngoai ra, do sém mau clia hanh phi cing c6 xu hudng tang 1én trong qua
trinh chién. Dya trén s6 liéu thuc nghiém, mé hinh déng hoc vé su thay déi ham luong &m, luong
dau dugc hap thu, d6 cliing va mau sdc san phdm trong qud trinh chién hanh & cac nhiét do khac
nhau dugc lua chon véi hé s6 tuong quan (R?) I6n hon 0.95. Mé hinh Page dugc xem la phti hop
nhat cho su that thoat m va su hdp thu dau, trong khi ba mé hinh, bao gém mé hinh Newton, mo
hinh Wang & Singh, mé hinh bac ba dugc xem la pht hop cho su thay d6i d6 cing ctia hanh phi.
Su thay d&i vé mau séc clia hanh trong quad trinh chién chi pht hop véi mé hinh bac ba. T6ng két
lai, nghién clu nay da trinh bay su anh hudng clia nhiét d6 va thai gian dén chét lugng hanh phi
trong qua trinh chién.

Tu khoa: chién ngap sau, hanh phi, ham lugng dm, hap thu dau

Trich dan bai bao nay: Quang L HM, Anh TN H, Ha N K, Hoang N D, Tra T T T, Man L V V. Khao sat anh
huéng ctia nhiét d6 dén chat lugng san pham va mé hinh déng hoc qua trinh chién hanh (Allium
ascalonium). Sci. Tech. Dev. J. - Eng. Tech. 2023; 6(3):2026-2034.
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