Ceolor quality variation of french fries during frying using immage processing
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Abstract—The atm of this study was to evaluate the suitability
af a computericed tmage analysis technigue (with a flatbed
scanmer for image acquisiion) in order to measure the amormt
af the important visual aspects of French fiies such a: color
compenents tn REE yatem and characterication of rtensity and
honinarnce of preduct diming process. The potato ilices ware
fired at three tempevatures (145, 160 and 175°C) during 4 wmin
Product temperatiore was wmeaneed abowt Inom below the
surface of Fremch fries, wiing I-type thermocouple and data
logger. Produst war removed from the fiver, then scanmed with
a flatbed Scarmer. Color analyses were carried out using imageJ
seftware. The applied tmage analvsiz technigue was able to
differentiate with high sensifivipy the changes ™ French fites
color dwring fiving process. FResult showed that main changes
af eolor i process are during tutial heating stage and process
control in this stage 3 very tmportant This techrigne presents a
high potential to develop a computer vision en-ling syitem for
Srving process apimiation.

Kepywords-image analvsis; color; french fries; imageld;
computer vision

I INTRODUCTION

Commercial deep-fat fiying 1s an important part of the
food industry and the French fries are among the major
commercial fried foods and account for 44% of processed
potatoes in the U3 [1]. Visoal properties of fried foods
such as color are important to consumers and they tend to
associgte these properties with the taste and crispiness,
determiming their acceptance or rejection [2] Quality of
fried foods 15 strongly defined in terms of color and texhure
31

In the French fry process raw potatoes are washed,
peeled, sorted and cut into stips Then the stiips are
Hlanched in hot water, and then delyydrated with warm air
to a moishwe content of approximately 60% wet basis.
After this, the potato stops are fried in hot oil, cooled in
ambient ar and finelly frozen and packaged. The
blancling step recheces the ml absorption by gelabimzation
of the muface starch On the other hand, air dehydration
leads to lower initial moisture content which also reduces
the oil absorption Thus both the blanching and the ar
drying steps allow for a lower amount of ol in the final
product. Another way to achieve that is by controlling the
frving oil temperature, higher temperatures lead to lower
dbsorbed oil [4].

French fries color is the result of Mallerd reaction that
depends on the superficial content of reducing sugers, and
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the temperature and frying period The global impresmon
of color on fried potatoes is based not oy on the color
itself but elso on the quantity, dishibution shape and
inferlacing of the smell elements distributed throughout the
sample. Thus, the color appearance of French fries is also
dependent on the amowt and distnbution of brown reglons
developed duning frying as well as the remnant ol
gbsorbed on the swface after frying which produce oly
areas with transperent appearence [1].

A product with good color quality end with no faults is
very important and Vison technology has & cructal role in
it. It 15 necessary to conmder the varistion dunng process
to achieve optimal condifions Therefore, wision
technology by image processang technicues can be used to
check for incomplete product. Computer vision applied to
evaluate the internsl texture of French fries A set of 150
sample 1mages were categorised into normal and hollow
classes by three algorithms The co-ocourrence matrix
gave the best remults with 100% accuracy [5].

The color development is a srface phenomena, related
to temperatwe and frying time in several studies the
acrylamide content in French fries has been related to color
[6]. Therefore, an objective evaluation of the extension of
the oily end brown areas in the swface of product could be
useful in order to both provide an estimation of the final
product quaelity, in terms of oil content and color intensity,
and for the monitoring of the fiying process. Usually, in
industries and even in research laborstories, quality control
and analyses are made by messwement of the color
infensity of product after frying using visual inspection
baged on standard color charts, and in the best cases, vang
tristimulus colorimeters and spectrophotometers [7].

In the food industry the most common design is that of
stationary cemera snd moving objects. The importent
factor, 15 to set the image accuusition rate fast enough to
mimmize image blur so that an anelysis of image data can
take place frame-by-frame and the goal of check out the
photos can be divided into three categories According to
Tatle 1. Recent developments in vision system include
color image processing and three dimensional (3-D) image
processing, Depending on the design of imagng system,
different image procesmng techniques are required [B].
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TABLEI. TYPES OF $ITOIFS IN C OMPUTER VISION £ Y3 TFM

Types of studies input output
Innge Processmg Tooage oo g
Image Analysis Tooage e AT melts
Ioage Under standing Tooage high-levre] descriptiom

A color space is a mathematical representation of a set
of colors. The three most populer color models are FGB
{used in computer graphics), YIQ, YUV, or YCBCr (used
in video systems); and CMYK (used in color printing).
All of the color spaces can be derived from the RGEH
information supplied by devices such as cameras and
scenners. The red, green, and blue (RGE) color space is
widely vsed throughout computer graphics Red, green
and blue are three primery additive colors (individual
components are added together to form & desired color)
[@]. Table 2 contemins the RGB wvalues for caors with
100% emplitude and 100% seturated bars. Saturation
refers to the relative purity or the amount of white light
mized with a hue. The pure spectrum colors are fully
saturated and contain no white light. Colars such as pink
(red and white) and lavender (viclet and white) are less
saburated, with the degree of saturabon being inversely
proportional to the amowdt of white light added Ewvery
color in the RGB image mode has a wuque idenbty
conmsting of the color intensity of each of the three basic
colors (red, green and blue). The intensity scale is defined
from 0 (darkest) to 255 (brightest) [10].

The color standard 1s used worldwide for the evaluation
of French fries 1s the USDA French fry color (Fig 1). The
term fry color, as used in this standerd refers to the color
change which ocours in the potato wuts solely because of
the fiyving process. According to this standard the products
are divided into three categories based on color [11]:

¢  Good celer means the bright, charactenshe color
of propeilly prepared frozen Fremch fried
potatoes.  The fry color may be Extra light,
Light, Medivm light or Medium.

* Reasonably good celor mesns & characterishc
frozen French fry potato color which may be
chill bt not off color. In thes case, the fry color
may be wvarigble, excesding the umiformity
craterion of Extra light, Medivm light, Medivm
ot Dark After heating however, the variathon in
the fry color of the units does not seriously
affect the appearance of the product.

TABLEIL IN 100% EGB COLOR BARS.

Celexs
E & Z = = E W
= = = i u & ‘é
] E o O % E 3 ™ =
R 255 255 1] i} 155 155 1} 1}
G 255 255 255 255 1} 1} L1} 1}
255 1} 255 1} 155 1} 255 1]

o  Others, French fries that fal to meet the
requerements of previous paragraphs.

Many studies have been done on the color of fried
products but color changes in different stage of fiying less
are cited. For example, Kinetics of crust color changes
curing deep-fat frying of impregnated French fries was
studied [4]. Other 3tudies evaluated the suitsbility of color
and textural featwes to characterize and clasafy
commercial potato clips in fow quality attributes, and to
relate tlus to the preferences of a goup of consumers
Results showed that feahwes derived from the image
texture contained better information than color feahwes to
discrininate both the cuality categories of chips and
consumer preferences [12, 13]. Fesearchers evaluated the
suutability of a computenzed image analyms techique
(with a flatbed scanner for image acquimtion) in order to
measure the amowdt and distnbution of the important
visual aspects of potato chips. This techmigque presents a
high potential to develop a computer wmon online
system for frying process optimization, s & funchon of
the fat content of the finel product [14, 15].

The objective of this work were (T) study the crust color
changes dunng deep-fat frying for better contral of
process (IT) define the appropriate conditions to aclieve
proper color in French fries using image anelyzing (III)
explain to how color of product has changed dunng
different stages of process.

Figure 1. Examples of fryving dtsmd color chart and french fries. The
fry color of & sanople can this be done : Extra Light (Liglder tham TSDA
Ho. 1), Light {5imilar to TS0 A Ho. 1 color), Medimm Bght (Mosthy

similar to USDA Mol Predomenanthy hghter than Mo bt may
e nde Mo, 1.), Medhmo (hMosthy similar to TSDA Ho.3. May mclode
wmits of Mo, 4 andfor Ho 2 fry color), Dak (Predominentty darker than
USDA Ho. 3. May muhide color Ho. 4 or darker) Saomples to be
assessed in daylight or wnder artifeial daylight bulbs [11, 16].
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I MATERIALS AND METHOD 5

A samples preparation

Agria wariety is the most commonly used potato in
French fries industry beceuse of its regular shape and high
dry matter content Semple preparstion was performed
similar to the processing condiions for commercial
French fries production The tubers were washed, peeled
and cut, by & manuel cutter into strips of 38260 mm. In
order to mimmize enzymatic browning and simulate the
industrial practice before frying the potato slices were
washed in tap cold water for 30 s and gently blotted with
absorbing tissue paper in order to partally remowve the
excess starch

B Ftying and siurface temperahire measurements

Experiments were camried out using temperature
controlled frying wnit (Deep fryer: Model BDZ-5A-1) at
145, 160 and 175°C respectively, vmng 2L sunflower oil
as frying medivm. For each oil temperature, frying time
was dmin Product temperature was measured, about Ilmm
below the Swface of Fremch fries, using T-type
thermocouple. Temperature vartiation is recorded in s
time intervals in replicates of 3, using a data logger
Model TC-08 “R3-232" manufactwed by Pico
technology).

C. Image acquisition

Performing image acquimbion in image processing is
always the first step. For this purpose, French fries were
removed from the frying unit at 30 s intervals (0, 30, 60,
90... 240s) and in replicates for each ol temperahares
(145, 160, 175°C). Then, samples were allowed to drain
for 20 min so that excessive oil could drein off French
fries were scenned with a Flatbed Scanner (HP Scanlet
G2710, 2400-4800 dpi hardwere resclubion). After
removing of Scanner lid, during image acqustion, the
scanner was held in a black box, in order to exclude
surounding light and external reflections. All images
were scanned at the same conditions, by positioning on
the scanmer the eight French fries coming from each
repetitons and treatments (Fig 2, “47). The scanner was
comnected to the U3B port of a PC provided with the
Scamtto Pro Software (vermon 2.7.15.1958) to wvisuslize
and acquire the digitelized images directly from the
computer with high resalution The scamned images were
saved as TIFF-24 bit format in 300 dm resolubon and
colar mode. Finally, images were analyzed in the image ]
software (vermon 1.44p bundled with 32-bit Javae)
ervironment to investigate the RGH channels after color
threshol ding for ignore background (Fig 2, “07).

D Color image analysis and char acterization

Image is made of pixels end each pixel has
combination of colors like RGB. For color image analyas,
at the first step B, G and B wvalues mean 15 calculated
individually for each channel vang “RGB measurement”
plugn of image J software. Thus, & mean is obtained for
each charmel end cheanges of these values were plotted
against frying time.

160 %C 175 %C

145 °C 145 *C

Figome 2. (a) Scammed image of samples st differend comditicns of
temperature and time . A similar picture is aleo prepared for repeats. For
each Doge , & blank sanmple for tome 0 was placed wertically. (b) After
color thresholding for ignore background i imoge T and selection of
each sample for anabysis.

Intenaty in RGB color mode was measured for each
image usng RGE measwrement plugn and venaton of
this parameter was interpreted. Relation of this parameter
with RGB wvalues is as follows:

;=@ ¢

In this cage In this case, in fact image is converted to
greyscale and intensity scale 15 defined from 0 (darkesf) to
255 (brightest). When converting from EGB to grayscale,
it 15 said that specific weights to channels B, G, end B
ought to be applied These weights are: 0.2989, 0.5870,
and 0.1140. It is said that the reason for this 15 different
Imuman percephon/senambility towards these three colors.
Furthermore luminence was obteined for each image by
EGB measwement plugin that 1s follow as equetion 2 [3]:

L=0299F+] 587G+0.114B

E. Statistical analysis

Statistical analyss was performed in  completely
rendomized factorial design using 3PS5 softweare (vermon
19} and the test of meen comparison according to Fisher
least sgnificant difference (L3D) were epplied at a level
of siguficance of 0.01. Factors are ol temperatures (3
levels) end fiying time with 60 seconds intervals (4
levels). The effect of each independent vanable plus their
interaction was interpreted.

160 %C 175 °C
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III. RESULTS AND DISCUSSION

A Sioface tempreture of product

Temperatires inside potato strips are resticted to
values slightly above the boiling point of water t, as
frying proceeds and the surface becomes drier, the smface
temperature T, approaches the ol bath temperature.

Fig 3 shows T, (meen swface temperature of repeats
for each sample), as a representative example for three
frying temperature. At the begimung of the fiving the
surface temperabawre rapdly increased to  boling
temperafure and then rose gradually as latent heat for
maoishure evaporation restnict temperature sise from the
heat transfer from ol Dunng 4 min of frying swmface
temperatures id not reach oil temperatures. Temperature
profiles for each oil temperature was very similar although
at 160 and 175 °C |, swmface tempersture rising to bmling
point of water with slmost same rate, but less time will
remain in the boiling water. 3o certainly expect that major
changes in color of product are dunng swface boiling
stage and ocours at failing rate stage info derker], which is
the longest, in which the infernal moisture leaves the food,
the core temperahure nses to the boling pont the crost
layer increases in thickness and finelly the vapor transfer at
the surface decrease.

B RGE chavmels

Ag shown in Fig 4, the B parameter increases
significantly during fiying Increasing of this parameter 15
not desred because that mesns a redder product, which 1s
not acceptable for fried potatoes. As the temperature of
frving increases, the F. parameter increases for the same
frying time, which 15 negative for color of fried products.
n general, Fig 3 snd Fig 4 show at constent swface
temperatwe of the boiling range increasing of F is almost
linear. Then, with developing of frying time, with rising
af swface temperatiwe above boiling point of water, less
increasing rate of B chennels was observed Expected
during the development process time, because of create a
darker product B values will be reduced.
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Figre 3. Snface temperatare of French fries duarimg fryimg ot 145, 160
and 175 *C.
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Figre 4 Effect of fiying process on parsmeter B versus tie .

R wvalues changes in 145 °C was slowly and for 160°C
and 1 75°C was very mmilar. Studies are shown the size of
potato strips also affects the redness parameter of samples
turing frying Tlis perameter increases with sample
thi clness decrease, for the same fiving time [17]

InFig 5 color chenges to get brown can be explained in
this way which use the same red and mix it with sap green
(yellow-green) for rown obtaned The changes of G
chonels are similar to B chaonels Reduchon of B
channels is just for more Blur end that 15 started Time of
gbout 100 seconds and less more in 175 °C. reduction of
oil upteke in legh temperature also affect the small
changes of G channels.

. Relafive Intensity and luminance charactrization

Grayscale images are often the result of meamuing the
intensity of light at each pixel. Fig 6 shows that intenmty
of potato strips increases duning the ealy stages of fiying
While 1t remains almost constant afterwards and then it
will reduced. . The comparison between Fig 4 and Fig 6
is shown that the rate of intensity approach to constant
step more cuickly Tlis can Beceuwse of production of
brown pigment in process.
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Figiwe 5. Effect of frying process on parameter Gand B wersus time .
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Figime §. Changes of relative miensity levels of graysoale mapge domg
frying.

Brown iz a color term, denohing & range of
composite colors produced by a mixtwe of orange, red
rose, of yellow with black or gray in combination with low
luminence or saturation Thus, the increasing of maillard
reaction rate 13 simultansously with beginmeng of constant
rete of intensity With this interpretation, Increased
Maillard reaction in 145 °C 15 later than other treatments.
Brown background in image of product is required to be
recuced of RGB chennels, but B and G are reduced after
mare ime. Fig 5 shows this fact about 100 seconds after
the beginming of the process.

Fig 7 Bhows changes of relative luminance levels
during fiying Felative luminance follows the photometnic
defimation of luminence for a reference white. Luminence
is often used to cheracterize emission or reflection from
flat, diffuse swfaces Luminasnce 15 used in the wideo
industry to characterize the brightness of displays Thus,
lightness of potato strips imncreases during the early stages
of frying while it remains almost constant afterwards Oil
temperafure has a negative effect on the lightness of
French fries Ag the tempershwe of fiying increases
luminence or lightness for the same frying time,
decreases. In addibion reduction of lightness starts early at
hugh temperatures oil.
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Figire &. 30 owrve of changes m RGB ftensity and soface tenmperatire
in product during frying in 145 *C.
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Figare 7. Changes of Felatore houmance levels carmg frymg,

Fig 8 shows 3D cwrve of changes in RGH infensity
and. Clearly, drastic changes in primary stage of frying in
surface temperature and flowing intensity of grayscale.

D Color changes tn different parts of the product

Fig 9 shows grayscele color changes in different parts
of the product after 240 seconds at each temperature.
Always in 3D color image enaly=s, edges of image have
more blury than flat swface. Because of main color
changes in product edges and relative color stabulity of the
infermediate part of product, observed with incressing
temperatire more strongly owmved in 3D plot Color
uniformity of French fries is an important factor for quality
of product. In low temperabre color has more uniformity
after 240s.

E  Stafistical analysis

Statistical analysis was conducted to determine the
effect of fiying time (1, 2, 3 and 4 min) and temperatures
factars on RGB channel. The results are shown in Table
III. These results confirmed the sole and the interaction
effect of the temperature end frying time on the color of
chips. The test of mean comparison according to Fisher
least sgnificant difference (L3D) was applied at a level of
sigificance of 0.01. Which was anticipated to result from
the change of charts 15 much closer. For B channels
changes, difference between the tmes have a high
siguficant but for temperetures was no significant. Exactly
least sigmficant difference between 3 and 4 mimates was
no spnificent Thus, time is & cotical pont in color
variation of French fries and Redness changes duning the
imtal hesting of frying 15 almost the same for all
temperatures.

For G chennels difference between 175 °C with
other temperabure was sgnificent Feduction of charmel G
in ligh temperabure and stability of B is shown that lngh
temperature caused more darkness and color uniformity
even at short time (Fig 9 *d”). Chenges of B channels are
sigificant versus of time and temperabure that it shows
drastic changes i this parameter dunng frying


http://www.sid.ir

Figure 9. 30 soface plot of grayscale mteisity change o different part of produact. (&) blank sanple st 0 frying time (b)) samiple is fried at 145°C for

2405 (c) sample is fried at 160°C for 240s (d) sanmple is frisd at 175°C for 240s.

TABLE III. EFFEC I OF IHE FE YING TEMPEEA ITEF AND TIMF 0N COLOR PAREAMFTIFR OF FEENCE FRIFE TSIG TEE R G B CHANNELS.

Cuoler parameter Temperature {* C) Inin Hmin Fmin Amnim

145 13689 " 19741 " 201 624 1 00,124 4F

E 160 18589+ " 0016* ® 20786 *F  20506%*
175 190,744 0212 " 208 9540 H0E03F
145 181,05 F 18951 =%  1g9pgbcl  187O4%=F

' 160 17897%=-F  18s40h=F  jogolbtcl  1g2p3hef
175 174351 177.11% F 177.57"¢ 17271 "
145 14319 =F 1403g =l 133,735 11292547

B 160 13223 =# 1363551 140015 815357
175 179.45%" 119.65%° 11618 %7 T2

*." and © Endirste ne significane difference st 001 level.
“ cornparison inrews {oil terperatures), " and © comparison i colmns Fryng tmes).
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IV. CoNCLUSIONS

The color changes of French fries duning fiying can be
degcribed wsing image analysis Oil temperabure and
maostly process time showed sigmficant influence on color
parameter. The color chenge phenomenon gets more
intense at higher oil temperatures. Three different periods
were observed in color change dunng French fry process
(rimng constent and felling). Grayscale inftenmty in
different part of product shows that lugh temperahares
cregte a color uniformity product. Temperahwes about
175°C and short tme give more intensty and lighter less
red and more acceptable products Produchon of mallard
pigment in different temperahures can be explained usng
this image enalysis Drastic changes are in primary stage
of fiying in surface temperature and flowing intensity of
grayscale. Thus, this stage is very importent in contral of
process in order to approach acceptable product.
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