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ABSTRACT

Objectives: Natural plants can produce natural dyes. These dyes are widely used in the pharmaceutical and food fields, such
as betacyanin, anthocyanin, carotenoids, flavonoids and others. Several external factors could cause natural dyes to show
instability or degradation, some of the external factors are temperature, pH, storage time and so forth. Research on various
kinds of natural dyes shows the degradation of these natural dyes. Degradation can cause damage to these plants dyes,
therefore steps are needed to prevent the degradation of these dyes. The measurement of degradation was carried out to
prevent the deterioration of natural dyes from natural materials that will be used or consumed. The purpose of this review is
to determine the rate of degradation of natural dyes sourced from nature in accordance with the results of the studies that
have been conducted.

Data Sources Study Selection: Data sources of this review article taken from web Google Scholar, Science Direct, National
Center for Biotechnology Information (NCBI), Scopus, and Pubmed.

Conclusion: Natural dyes can be used for manufacture of food or drinks, natural dyes from plants instability due to
degradation. Degradation occur because temperature, pH, storage time and sunlight.

Keywords: Activation energy, Degradation, Dyes, Half-life, Natural substances, pH, Reaction order, Storage time,
Temperature.
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INTRODUCTION such as carotenoids acting as phototectors, antioxidants,
atural dves are available in nature in variouRr€CUrsors and plant hormofiebetalanine has a termizy
Y b antioxidant§ betacyanin and betaxanthin are used as

_colorsl_, and are the main charaqtensﬂc of aoyd_ natural dyes in fodd. Natural dyes are widely used in
ingredient because they can increase attrafction

. industries such as anthocyartindut natural dyes have a
Dyes can be produced from plants, animals an

microorganisms. In plants, dyes can be produced directly d§advantage, namely their instability to procesSing

indirectly because they have pigments. Pigment is Natural dyes can showanemical composition that affects
component that can absorb UV light at a @ertvavelength stability, solubility and are also very sensitive to pH,
rangé“. The physical properties of natural dyes can be we#imperature and sunlighiEffect of temperature is a factor
understood based on the wavelength of the dye based onitifieencing the degradation kineti¢sthe kinetics of color
appearance of the corresponding cdlor loss and pigment degradation can be dated for each
color'®. The color degradation studied is related to the

Natural dyes are an important alternative because they gﬁ%ctral properties and visual cdfor

considered harmless thealtfi. Natural dyes also have an
important role in human health because they hawgsual cola is monitored from the CIEL, a*b*
biological components and pharmacological propértieparameters. The atxbance at maximum wavelengtiotal
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col was used for quantitative color dadatiort®. Chroma "degradation of natural materials". The scientific web used
(c) and hue (hyvere estimated by values and b *’. Color were Google Scholar, #mce Direct, National Center for
parameters such as color density, color intensity aBiotechnology Information (NCBI), Scopus, and Pubmed.
brownish index follow the total substance conténbye The search for research journals for review articles had
parameters take into account the chemical or degradat@iieria as follows: that the research journals should not
kineticsapproach by calculating the kinetics parameters blve been published for more than 10 years, that the
the reaction order, reaction rate constant (k),-lf@f(t'2), research journal conducted research on the degradation of
activation energy required for the determination afatural dyes in natural materials, the research journals have
degradatiof?"®. knowledge related to degradation, natural dyes, natural
E!{P)gredients and so forth. This review article was conducted
0 research journalby looking at the analysis of dyes that
Sceur in natural ingredients or food / beverage products on
the influence of temperature, pH, sunlight and storage time.

Color analysis for visual color parameters using Hunter L
coordinaton was used to calculate L, a *, b * values whe
L * L* (brightness, 0 from black to 100 for whitejalue
a* (redgreen) andvalueb* (yellow-blue*?# Differences
in kinetics models are also evaluated to explain the chan@sSULTS AND DISCUSSION
that occur. The kineticamodels consist of zerorder
reaction, firstorder reaction, secoratder reaction, and
fractional conversion kinetic mod@l The value of the Dragon fruit extract studiédlshowed absrbance peaks of
degradation constant (k) is obtained from the plot line I10@30 nm and 537 nm on UVis spectrophotometry. The
percent of substance retention with tifheReaction rate absorption peak showed the presence of a dye, namely
can be determined from the biggest value bf e larger betacyanin. Changes in the intensity of betacyanin were
the value of Rthe easier the observation would be doneaused by storage conditions, light, temperature, pH and
following the reaction order, the value of Ba activation additive properties o3 weeks at 537 nm. The degradation
energy shows that the value of k can be sensitive to changes of red dragon fruit dye at a temperature §€4ghowed

in temperatee and the value of k obtained from equatiothat there was no color change with a degradation value of
can be used to calculate the Hil, while the value of 11.54%, while the test at 18D showed that the color
activation energy (Ea) is obtained from connecting thehange in betanine was disappearing with dagradation
values of In k and 1 /7. value increasing%by 84.23% Dragon fruit peel dye
Kinetic models are often used for objective, rapid an gradation tests™in pH treatment showed a decrease in
economical fod safety assessments. Knowledge & sorbance where the absorbance value began to decrease

degradation kinetics including reaction order, rate constaﬁ{ high pH and the macerate color changed from red to a

0 ; ; i . mbre faded color. Abigh pH there is damage to betacyanin
activation energy is very important to predict food qua“%ecause the compc?unrc;s in the macgrate are yrapi dly
loss during storage as well as heat treatffienf

mathematical model has been developed usingtikinehydmezed' Testing of red dragon fruit peel dye in sunlight

parameters obtained from isothermal experiments to pred?ck:‘towed a change in the color of the sample, changing from

color loss in isothermal or nesothermal method a red color to a more faded color. In addititmere was a
decrease in the absorbance of the sample so that the color

Recent studies suggest hyperbaric storage at roofrthe sample became unstafle
temperature (HERT) can be an attractive method for foo

A. Degradation on natural dyes

dI'he dye degradation test was related to the temperature of

storage or preservation. Thefesft of HSRT was carried . ; X .
L . different fruit, namely the blackberry fruit which degraded
out to evaluate the dye degradation in strawberry jtiice { at 707%C and 8600°C. The deradation did not

Studies conducted using HSST on beet stems wéle .
considered to be the most suitable for maintaining tld crease too much at™g but after 90 minutes there was a

0, i _
stability of betalaif®. A study conducted BY with the 0ccrease as much as 20%. At high temperatures 868D

. 0 ) .
addition ofacid to the sample resulted in color degradatic{%? e;teing\glvas_rﬁedegr?gratlg? Oafnil(z)fy:nui::ngre%?:tiz)nr:rsmefrsorﬂf

due to reduced concentration and a change in color. ﬁ)aackberries followd order 1 because the k values obtained
another study it was said that tartaric acid and citric add = from 0.0155 to 0 0051 rin the activation energy

decreased monomeric anthocyanin content, brightne : . .
increased polymer color index, browgi degradation &) values of heating at ocmic and conventional were 67
; ' fg/mol and 56 kJ/mdl

chroma and red and blue color parameters, and hue*ang
From this explanation, this review article will explain th&he dye degradation test on roselle floWeshowed that
degradation of dyes from natural materials that have bege extract that waadded with HCI decreased by 22% at a
studied several years previously. temperature of 780°C and experienced a slight decrease
METHODS in storage time. The extract that was added with formic acid
decreased by 35% at a temperature of8@C. and an
Articles review werecarried out in journals related to theincrease in storage time by 11%. The extraateadwith
degradation of natural dyes of natural origin. The journaltric acid was almost the same as formic acid, where at a
was obtained by searching on several quality scientific weemperature of 780°C the decrease in storage time was
sites based on scientific publication guidelines}4% and was followed by a 60% decrease &C8Fhe
internationally accredited, in the internatiQrend national extract added with acetic acid increased by 23% at 80
categories. The keywords used to search for reseaBHC. In heat degradaticlesting of the roselle anthocyanin
journals were "degradation", "degradation kineticsin a buffer solution with a pH of-Z following the first-
"natural dyes", "degradation of natural dyes", andrder reaction. The halfife values (t¥2) of anthocyanin
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degradation were 115.2, 385.1 and 182.4 minutes at pR{ange in colofA E from 17.7 to 47.5) and a decrease in
with a temperature of 70, 80°C and 98C, whileat pH 7 he estimated halffe (tv%) of total anthocyanins (range 1.8

the hallife values (t%2) of anthocyanin degradation werg, 3 weeks), compared with pH 2 (44.6 to 60.7 webks)
13.5, 19.4 and 24.8 minutes at temperatures o€,780C

and 96C. Activation energy (Ea) in highly acidic material$3roccoli frozen before cold storage had an-220+1.91,
had a range of 55.85.7kJmol. However, the range for the@*=-17.41 = 0.75, b*=15.97+1.13, and+137.95= 3.91. In
nonacidic material was 31.94.7 k¥mol with the lowest the isothermal storage conditions, the temperature6f
activation energy (Ea) at pH 4 at 55.8rkol broccoli became brighter, thevalue increased 53%, the a*

/ag®) and h values decreased. Color degradation

a*
The purple sweet potato peel extract was tegted for ‘55'§rameter a*/ao* and b explained the arhernius order
combined degradation of temperature and“pHThe iinetics model and 1 similarities. The value of a and b,
temperature treatment test did not show any degradatloqrgﬂuding models that correspond to the stage regression
change of the extract. In the pH treatment test, namely pH g ysis, coefficient value of?Retermination is high (0.85
there was no degradation, while pH 3 and 5 there Wgstwo situations). Under nonisothermal storage conditions
degradation with values of 49.63% and 52.52%. Tests WREY days), the color parametert at/ao* and h broccoli

also carried out on the heat degradation of purple swelcreased by 30 and 5%. Alteration was very low compared
potato in aqueous solutionitv a difference in pFf, it was with storage at7°C for the same time (a*ao* degraded
fqun_d' that the halfife value (t2) at 88C increased 47% and h 13%) but higher &5°C (a*/ao* degraded 17%
significantly from 41.8 hours at pH 2 to 96.3 hours at pH 3,4 h* 39). In the conditions under nonisothermal kinetics
and decreased rapidly to 8.9 hours at pH 6. The valuesydqds of order 0 and 1 meeting the conditions for changes
activation energy (Ea) during heating at pH 2re99.95, iy a+/a0* and h, the coefficient of determination is 0.40 and
111.57, 84.87, 66.56 and 89.3%/rkol. Anthocyanin o 44 for a*ao* and h. The color kinetics of broccol
degradation during storage following the purple swegfieration under nonisothermal storage has low activation
potato first order reaction indicated by the value 6TRe energy (Ea) valuéd

half-lives (t¥2) of anthocyanins from purple sweet potato

paste were 119.51, 60.882.85 days at 3€, 40C, and "Merlot" and "Ruby" grapes were stored 4€525C and
50°C. Anthocyanin degradation during storage was al§°C for 360 days. Merlot juice had a higher anthocyanin
indicated by color changes. This change became better viifitent (p <0.005) than ruby juice. During storage, the
increasing storage temperature. The activation energy (E}ngdU&' total anthocyanins followed thé& @rder reaction

for anthocyanin degradation at each temperatureaseref Mmodel. At the end of storagdigher anthocyanins (95
10°C is 52.60kjmol. Meanwhile, the increase in activatior?9.9%) were observed at %5 and 35C compared
energy (Ea) for the change in H* and* Gor each tostorage5’C i me r $6036) ard 5'Ruby" (7481%).

temperature change of M is 55 83 kj/mol and 49.99 kj Anthocyanin compounds that were most sensitive to
mol*2, temperature are C3G (Ea = 66.5 kj/mol) and D3G (Ea =

63.3 kj/mol). The halfife (t%2) at 8C for C3G was 73 days
The dye on the peels of eggplant, grapes, plum, strawbespyy p3G was 69 daffs
and billberry skiis was also tested for degradation by

storing it for 17 weeks at a pH of 4.5 and a temperature dfithocyanin stability from cranberrybush fruit, in water
20°C. on eggplant peel by 61%, billberry fruit by 64% fognd ethanol extracts, which were stored in the dark for 7
17 weeks of storage. However, during storage dHays at different temperatureS(2 37°C and 75C) at pH 3
strawberries, anthocyanins lost their concentratipweek and 7 had also been testdthe test results showed that the
4 by 81% and week 17 by 99%. The highest L * valudg@west anthocyanin stability was found in water extracts
were obtained between 26.59 and 29.56 for strawberriigred at 7% with a pH of 7, with a hallife and constant
and grapes. In the storage of all of the above fruits, the |_V®|0C|ty values of 1.98 hours and 0.3488 / h In addition,
value is only slightly reduced by abou%. The value of the test also showed a good correlation betwee
R? ranged from 0.940 to 0.9855 indicates a goodanthocyanin content and storage time with=R0.9298
correlation between anthocyanin concentration and storgy8971 and following the“lorder reaction model with all
time. The stability of hatfife (t%4) and the highest D valuestest condition¥.

at 12 and 17 weeks of storage were shown by eggplant p%‘?('tremely acidic papaya peel extract (pH = 4) showed a
grape, and plum peel. Meanwhile, the low digbiwas ey jow content of betalain, chroma (C*ab = 60 against

indicated by the strawberry fruit which had a Hd# (t%%) 70) and a gllow color component (h*). The storage
and a D value of 2.8 with 4 weeks of stordge temperature shows a tendency towards a red hue (hue from
Purde corn with color parameters L*, a**lon PCW, EA, 10 to 80) and a change in brightness L* (90 to 75) as the
F1 and F2 dissolved in citrate buffer solution with pHemperature increases. At lower acid levels, pH 5 and 6 are
variations at 2% was teted for a month to evaluate colorSuperior to the angle of color stabiffty

changes with a storage period of more than 12 weeks. T88or analysis on fresh moringeaves, respectively, had L
test results at pH 5 and 6 showed a fuzzy color. Whereas gk p+ yalues namely 40.78,-4.20 and 6.33. The

pH 3.56 at time 0, the color has increased in yellow huB’rig,htness values of L* are 2.46. 3.10 and 4.26 3640

All treatments with increasing pH showed aorgese in L, 59c and 66C decreasing as the temperature increases and

E * ab, but a*, b, hue and chroma values decreasegpe color became darker. Pileaves at all temperatures

Chroma changes occurred at pH 2.0, 2.5, and 3.0 duringdlgved an increase in the a* values were 0.39, 0.51 and
weeks of storage. A slight color difference was observed ghg at 46c. 50C and 66C. The b* values at each

pH 2 (A E from 0.2 to 3.6). After 12 weeks, pH 6 caused a
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increase in drying temperature were 5.13, 6.54 and 5.63Tae dye degradation test on mullberry fruit was carried out
40°C , 50C and 68C an increase in the*bvalue in at 60C, 70C and 86C. The degradation of anthocyanins
temperatre indicated the leaves were turning yeffdw decreased by 56.02%:; 83.74%; 91.67% 466G0C, 80C

In addition to testing on the above plants. research was flor 600 minutes. Heat degradation of mullberries follows
9 P ' Re firstorder reaction, related to temperature. The

carried out on color changes in dried longan meat. The

longan meat was dried with a drying air temperature of 6 mperature will increase the value of k1. Hd¥ value
130C. The kinetic parameters fatolor change were Y5)from anthocyanin degradation at temperatures &€ 60

determined using the CIE system. Zemler reaction 70°C, and 8EC is 8.3; 4,4; 3.2 hours with an activation

56
kinetic model was most appropriate for describing a* and'©"9Y value (Ea) of 46.32/kdol™

effective to present changes 4hE. In addition, the drying 1he dye degradation test on chesnuts was carried out at a

temperature and drying time also affected the color charig&perature of 2g0°C. Hail, the dye degradation test
during dying. During drying the L* value decreased an@ owed that the color change in chesnuts was darker than
the original color. Thihappened because the value &f L

the temperature rose. The a*, b* aﬁcE.vaIu.es increased o reased around 26 a60 65C and 76C for 30, 10 and

in the fws:@perlod, then decreased with time and drylr@ minutes. For comparison, the zenaler reaction
temperature. (R>=0906), the T order reaction (R0946) were in
The acerola pulp studied showed £ 44.07 + 0.41, a* = accordance with the data of dye at 5 different temperatures.
7.84 + 0.22, and b* = 205 + 0.51, where the character offhe five temperature were %D, 55C, 60°C, 65°C, 70C.
acerola pulp was orange / red. The standard deviation wWd activation energy value (Ea) of chestnut color was
more than 2.5 and 6% for parameters L* a* b* Coldgreater than that of other fruits and nuts, egmL* =
parameters were in accordance with the model ofitee 287.19 kJ moll and By = 347.48 kJ moll during heating
order reaction. The coefficient of determinatior?(Ras treatmeri’

shown with a higher value, the value of 0.89 for a

treatments. L*, a*, b* values decreased over time for ag)l
treatments.

ye degradation tests on cactus fruit extr¥cshowed a
ecrease in betacyaniat various pHs. The pH tested
started from pH 3, 4, 5, 6, 7 and 8. The decrease in
Meanwhile, the color degradation of bael fruit with ametacyanin at that pH was 16.95%; 15.82%; 14,255%;
average value of L and b at 0 time were 56.98, 32.07, ahll71%; 19.27% and 35.11%. At pH that was too low or
59.34, repectively. The values for L, a*, and b* for infinite high, there was instability in the extract group which results
time are 3.55, 4.02 and 4.55. The value of L decreased friésh@ color change in the cactus fruit extract.

53.12 to 45.15, 43.11, 37.96 for temperatures, respectively,

. . "
were 36C, 44C, 60C and 75C. The a* value decreased., . D fest of brazilien dye on secang wood

showed that there was pigment degradation due to sunlight
from 30.96 to 26.13, 27.124.14 and 20.99 at temperature§pi-h \was marked bypg decrea%e in absorbance. 'Ighe
of 30°C, 48C, 60C and 75C. The value of b* also absorbance was visible by changing the pigment to

decreased from 56.25 to 49.16, 48.96, 44.18 and 42'80«3 slucency and the red color became invisible. This was

temperatures of 3¢, 45C, 60C and 75C The decrease in because sunlight contained ultraviolet with large energy
sing photochemical reactions so that the dye became

L*, a* b* values occurred because of an increase T

temperature or heat treatment. Value degradation of ”ﬂﬁstablé“’.

first order reaction were.07, 011, Q018 and M23 to a

temperature of 3, 45C, 60C and 75C. The activation The degradation test of tHeanggaisweet potato dye in

energy (Ea) at Bael fruit pulp was 23.83 kJ/mol with elear and dark vial showed degradation which was shown

value of R = 0.9897% by the change in the color of the extract, the longer the

The degadation of ar | ket | foll irradiation time the more faded the color of the extract was.
aeg _green cofor on rocket leaves Tollowed, - oygition, there was also an hourly increase in

the first-order reaction. The Rvalue was more than 0.98de

radation, where the longer the exposure ttighinthe
and the standard error was less than 0.009. Value Consq%qater the level of degradation would be. The resulting

visual color temperature followed the arhernius equati ;

N L els of sun exposure to the degradation of clear and dark
(R0.98). The activation energfEa) and the frequency ials were 41 %FO)A) and 36.97% 9
factor (ko) for color degradation of the leaves were 51.21 Yq ' R

/ mol and 3.22x10h* * The heat degradation of greerNavel citrus fruits generally and gradually showed
vegetables followed thfirst order reaction. The activation increasing chlorophyll a and b values, wiierthe L*, b*
energy (Ea) for green color in leaves was 88.78rkpP*. and H * values gradually decrease during storage. During
Carotenoid kinetics and color degradation and furosgtorage, the peel of the navel orange gradually changed
formation were investigated in apricots during heating &om yellow-green to orange or orangellow. In addition,
50°C, 60C and 76C. Carotenoid degradation and coloit was also found that there were no significant differences
were expressed as total color difference (TCD) followed kg the a* valuesin 3 ways during the storage period. The
the zereorder and the ifst-order reaction. Activation three storage methods were ventilating warehouse (VW),
energy (Ea) for carotene degradation ranged from 73.7 kjechanical refrigeration warehouse (MRW), and mountain
mol for 13-sis-B-carotene to 120.7 kj/mol for lutein, aboutevaporate cooling ventilating warehouse (MECY)

91 kj/mol and 97 kj / mol for all trab-carotene and TCAR.

) U ." The stability of the tulip anthocyanin heafimas sorted in
)Nh|||§ the activation energy (Ea) for TCD changass? kj red>pin|(1)r);;1ngered>puprple. T)ll18 k ?alue obtained
mol>.

indicated that the anthocyanins found in all samples of
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tulips (red, orangeed, pink, purple) were more stable thamnthayanins ranged from 68.686 kj/mol. Studies have
the anthocyanins of black grapes. In addition, the value @also shown that higher temperatures and longer heating
t.» red tulip anthocyanins was moséable than other tulip times increase anthocyanin degradation in t{fips
anthocyanins. The activation energy (Ea) of tulip

Table 2: Degradatio of colors in food / beverage products

Products Type of Testing Results Author(s)
Bayberry china| Temperature The K value 28 was 0.0258, at’@ the k value was lower, namely 0.0030. The-h{ Zhanget af®
wine life value (t¥2) for the degradation of bayberry anthodyawas 138.63 days alGl at

25°C the halflife value (t¥2) was 26.87 days. The value of the activation energy
was 58.39 kj/mol.

Blueberry Juice,| Temperature Anthocyanin degradatio(64) from blueberries at any terapature followed the orde| Kechinski et al®
Blackberry Juice kinetic model 1 reaction, halife values (t%) at 4%, 50C, 60C, 70C and 80°C | Jimenez eal ®®
were found to be 180.5, 42.3, 25.3, 86 and 5.1 hours. The activation energy (Eal
of blackberry juice degradation during heating was 80w/ Testing on blackberrie
(65) was carried out with a temperature range (180°C) then divided into 2 sul
ranges (10a40°C and 14018F°C). The activation energy (Ea) for NEB was fro
100-180°C (10&j/mol) slightly higher than that of anthocyasiatliower temperatures
(92kj/mol). The value of the reaction rate constant at°C4@or anthocyanin
degradation (3.5x19s") was reduced by 2 times than the NEB index (1.6>4% so
that anthocyanin degradation was faster.

Progmanate jam | Storage time and| Jam stored at%8. Results showed that 32% pigment degraded in HM and | Melgarejo et af®
temperature reduced in LM after 150 days. All anthocyanin pigments showed reduction over
Samples antosianindengan HM pectin had a Valwer than the LM pectin at’6.The
a* value decreased at both storage temperatures. Light conditions did not
significant efect on the color of the jam¥&alue), the reduction was ata * = 47% a|
51% on the bright day and dark after 150 daysl ptogmanate jam was 35% mo
colorful than LM, where the a * value was reduced by 50% in both conditions

Strawberry juice | Temperature Theresult of storage of unpasteurized strawberry juice had CIE L, a*, b* values | Buve et al’’;Wang
38, 37.49 ad 20.46. The L and b* values of the sample were constant as a funct| et al®®

time regardless of storage temperature and bottle type. Meanwhile the val
a*decreased in all storage conditions. Some values decreased more rapidly
storage at higher terepatures in the bottle. This showed the effect of the sto
temperature on the rate of red discoloration). The range of activation energy
values was 392 kj/mol (67). Storage of strawberry juice in refrigerators at°2 or
room temperature of 80 showed no visual changes during first 20 days. The
values of L* a* B and Abs indicated the stability of the refrigerator but hal
decreasd at below room temperature. L* and Abs; stored at room temperatu
decreased by 43.8%, 34.88% and2B4%6. Results from Afjowere more temperatur,
sensitive than the L *, a*values,anthocyaninswhichdecreased 36°25(68).

Orange juice Temperature of 2D | The results of the study of orangedeishowed a color change calculated using| Wibowo et &,
28°, 3% and 42 C | CIELAB system and followed a O order reaction model. Before storage| Shaegian et al®.
for 32 weeks coordination of CIE L, a*, bwas61.51, 3.20 and 54.55. All color parameters dur
storage changed significantly (p> 0.005). The demeéa L and b * values was seen
the orange juice turning black and thelgei color decreasing, but the* aalue
increased where the red color became more significant. Before stassga@gwere
54.64 and 86.64. The activation energy (Ea) for albpeeters ranged from 64 to 7
kj/mol (69). The thermal degradation of anthocyanins and visual color in orange
followed I order reaction, and was associated with the Arrhernius model. Thiéa
value (t%) at 7¥C 2.5 was longer than 90 C. Theiaation energy (Ea) in anthocyani
degradation (55 kj/mol) was higher than the visual color reduction (47.51 kj/mol)
constant reaction values (k values) for visual color change were 0.0419, 0.067
0.1049 at 70, 80 and 90 C, while the k valuesfoyocyanin degradation were 0.084
0.1300, and 0.2487 at%®d and 96 C (70).

CONCLUSION high a temperature. Too high a temperature will cause

. instability in natural dyes. The optimal temperature that has
The research that has been conducted on the degradatio e%f:] inestigated for betacyanin dye is below’@0The

dyes originating from nature showed a decrease in t ffect of pH on the dye indicated a change in color and a

stablity Of. these dyes. The decline in dye occurs .due ecrease in degradation. The dyes examined at too low or
external influences such as temperature, pH, light %‘{

sunlight, and storage time. The effect of temperature on o high pH result in dye breakdown. Therefore, it is best if

dye was indicated by the presence of dyes such a% dye is in the normal pH rge. The effect of light or

betacyanin, anthocyanin and carotesoiderived from sunlight on dyes causes changes that are almost the same as

natural dves. These chandes indicated a change in coﬁh? effects of temperature and pH because sunlight contains
yes. 9 9 traviolet light which can break down the dye, the longer

absorbance and a decrease or increase in degradation af'tod . : .
exposure to sunlight will result in color changes.
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Meanwhile, storage time causes the dye to becor®@ Pragalyaashree MM, Tiroutchaime D, &

unstable, which is indicated by a change in color.
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