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Figure 1- The structure of all types of anthocyanins
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Table 1- Purity and manufacturer of used raw

materials
Material Manufacturer Purity
Ethanol Merck (Germany) >0.99
Phenolphthalein Biochem (India) >0.98
Toluene Merck >0.99
Citric acid Merck >0.99
Sodium Merck -
carbonate
Hydrochloric Merck 0.37
acid
Sodium Merck >0.99
hydroxide
Glucose Merck -
Sorbitol Merck -
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Figure 2- Enrichment stages of anthocyanins of blackberry fruit
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Figure 4- Preparation of samples in the presence of permitted food additives.
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Table 2- Physical and chemical properties of
anthocyanins extracted from blackberry fruit

Physical and chemical property Amount
Dry matter (%) 15+0.8
Moisture content (%) 85+3.2
Total soluble solid (%) 145+1.1
Drying rate (%) 75+ 2.8
Total acidity 6 +0.02
pH 3.2+0.02

Total anthocyanin concentration (mg/L) 24.3+ 1.7

soliie & ol (Sl ié ssliac o S Cpili s
ol e s lme 50 05a g0 il g] lale daiilas
Lo g (UVIVIS) (i (sl slam b ro s e o
oolesl s (0 JSB) wo S S pH = £/0 5pH =\ o
/0 sPH =Y 5o oda (loae Ga 5YL cbala sla Bk
3 i e (2) 5 (V) Lulsy O eoliiad Lo
—old (g8 gr0 sud (g5leu 2 sl Hu (S uf-“:u.udz.\T
S o pSke YEIY 5 [TV b oy S5 4 o
saias HLas 5 el ga s BB Glhse € sl ciwsas
b PH B dg 8 S aas e plas ines S ol
LS Wb RS Gl e usd Hss Jsane
aibige PH 5uas b lagsilin T (goluly pue Jals
oYL B 5 lien T Sl 0o YL ol ol
(Y/o (i Y éd\g..\.}d) C.\JSQLA.:Z! Lf"..‘é]c pH B b.:.:\..s J‘JE-A

...\J‘.AJJ.}J

S8 olulaa wela — mle 5B glasial G,
5 A Lo alATul e gans A5 5 alatal
osbie 4 ol S Bl aans £ B Y by slaley
59 JelS 5sb 4 4S wu S suliianl il 5T £),A%)

ol sad suls b S slaias

ORluaginl (pbiasd 9 (Suyd golsd (aas
also dola g o cusb,y «Sda (goule oy
o8 sl G‘J.A:u.u‘ é)‘.a.a.ﬁ @WA K] éﬁ\}fﬁ UG‘Q.A
G Jslas sola ulge 5 cu by (KA sule s 8 O s
&uﬂ‘{smgwm‘)d\i/o JAO Ao L::J:s“):s%z‘;
ol o gSeld s lac cugb lhae e YU saias
(619650 5l aba®s 5 da ol g ) des 58 u sad (eddie
sobac (oS som s olwad ol (B,
b L5 bew s & gislis (goline Hud SR dis
OS85l aay 5 JiB Lk 5 03 9 otale T gl Bl
—o p S TYAOE 9 WY L sl i 5 s uls 35 5o
oy V) adasly 5 soliinl Uy Gelial ol 5o adly
Rl ol b JAls so o geld goslac ok Saa
S35 3 g (X Jpin) 2T mnsty samys Vo L
soliinl b K, oloee (el 348, 5 sud S Hu
S, 4S ad padidie 5 (aaad yie 55 58 9 Sl 68ius )
—wgd‘ﬁﬁbmgdadxquédﬁb&i&de
s silins 4 ool OF 60 S Sl ol by sl
o sirslio YA mad oS KaA L dewlie Lo ol
3 O85S 5353 S50 el b pe B pd 4 S5
L aulan ) L;‘_):l l‘) SS‘) &3‘ Sde u_'fﬁja CSJ“A‘GS

CA}S&L}J G)LLA.C L;._\;u.u‘ C,\:u.clA sahay QLA.::A:! ¢(Y/Y L.|



3 Sgold odd (65l 8 wiluwss] ladiliSS, o)l 5 cutS p il olewd 5 (Sojb b yiolb b )y

0.8
——pH=1

07 - ——pH=3.2
——pH=45

0.6 1

0.5 A1

0.4 A

Absorption

0.3 A

0.2 1

0.1 -

A =513nm

max

0

350 400 450 500

A (nm)

550 600 650 700

RALE yia g3l Y+ dalh 5 win) lids GLAPH 53 g0 Jgl conun 3 & g0l (pilane 33T ik (30 0 JSut

(bl s Lagyibacn 93T
Figure 5- The amount of absorption of blackberry anthocyanins in terms of wavelength at different pHs
(absorption in the region of 520 nm is an indicator of anthocyanins)
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Figure 6- HPLC chromatogram of enriched anthocyanin extract at 520 nm wavelength and different chemical

structures of identified anthocyanins. (1): cyanidin 3-glycoside (2): cyanidin 3-O-arabinoside (3): cyanidin 3-O-
malonyl glycoside (4): cyanidin 3-O-dioxalyl glycoside (5): peonidin 3-O- Glycoside.
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Figure 7- Changes in the concentration of anthocyanin pigments with time in different temperature and light
conditions
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Figure 8- Concentration and approximate color of blackberry anthocyanin at different pH
(Different letters indicate significance difference P < 0.05).
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Figure 9- Different chemical structures of anthocyanin at different pH and its approximate color
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Introduction: Anthocyanins are the most important flavonoid pigments which have health benefits
for concumers due to their high antioxidant activity. These compounds are non-toxic and water-
soluble, and with attractive and bright colors of red, blue, and purple, are good alternatives to harmful
chemical dyes. Blackberry fruit is one of the rich sources of anthocyanins in nature. Blackberry
anthocyanins have been considered as healthy and effective food colors in the food industry due to
the presence of dark purple color along with abundant nutrients. However, unfavorable physical and
chemical conditions may cause spoilage and color changes in the natural pigments of this fruit.
Blackberry fruit is a good source of vitamins A, B, C, E and K as well as iron, potassium, manganese,
magnesium, niacin, riboflavin, folic acid, glucose and tannin. The presence of many nutrients along
with high antioxidant activity has made this fruit to be considered as a suitable source for meeting the
daily need for various micronutrients. Based on this, with the correct processing of blackberry extract,
its anthocyanins can be used not only as a natural color but also as a harmless sweetener and a
substance with excellent micronutrient properties in various food industries. The purpose of this study
is a comprehensive study on the degradation factors of blackberry anthocyanins to find appropriate
protection methods, and their subsequent use in the food industry.

Material and methods: In this research, various methods of extracting color from blackberry fruit
were investigated, including the use of different solvents and different temperatures, and finally it
was determined to use acidic ethanol and acidic methanol solvents and then evaporate the solvent in
a vacuum and low temperature. It has the best efficiency in extracting color from blackberry fruit.
These results show that the more the structure of the solvent is similar to the structure of the extracted
pigment, the higher the percentage of extraction. Considering less toxicity, 0.1% acidic ethanol
solution (ethanol + hydrochloric acid) was considered as the extraction solvent. In summary, liquid-
solid phase extraction method, extractive phase separation and subsequent evaporation of the
extraction solvent in vacuum and low temperatures of 30 to 40°C were used to extract anthocyanin.
After extracting and enriching the anthocyanins of blackberry fruit and determining its properties, the
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effect of various physical and chemical parameters such as temperature, light, presence of enzymes,
different pHs, presence of oxygen, and the addition of authorized food additives on the quality and
stability of this pigment was investigated and ways of optimization them were evaluated.

Results and discussion: By performing various tests, it was found that the use of acidic ethanol
solution provides the highest color extraction efficiency with the lowest amount of degradation.
Examining the physical and chemical properties of the extracted anthocyanin showed the presence of
15% dry matter, 85% moisture and 14.5% soluble solids. Also, the extracted color has acidic
properties. Based on the obtained HPLC chromatogram analysis, five anthocyanins were identified
in the blackberry extract, and cyanidin 3-glycoside was the dominant type of blackberry color
anthocyanin. The amount of absorption and total anthocyanin in the enriched extract of blackberry
fruit was found to be 0.32 and 24.3 mg/liter, respectively, which is a significant amount and indicates
the appropriate enrichment of the extracted anthocyanin. It was also found that by using the wind
tunnel it is possible to dry and powder the paint without reducing the quality. Investigating the
stability of enriched anthocyanin pigments showed that light and temperature are two important
factors in the stability of blackberry anthocyanins, and by removing light and reducing temperature,
the stability of anthocyanins can be increased to a great extent. . The natural enzymes present in the
blackberry fruit destroy the chemical structure of cyanidins, and by deactivating them, the color of
the product is well preserved. Also, the enzyme helps to prevent the growth of molds. The highest
concentration of anthocyanin and the highest color intensity were obtained in the range of pH = 3-4,
which corresponds to the natural pH of the extracted solution (pH = 3.2) and the further away from
the natural pH of the product, the concentration anthocyanin decreases. However, anthocyanin is
more stable under acidic conditions and has a higher concentration. Oxygen also destroys
anthocyanins. However, the use of nitrogen gas not only prevents the destruction of pigment by
oxygen, but also prevents the growth of mold. By adding food additives such as sorbitol, glucose,
carbon dioxide and citric acid, the color stability of the extracts increases and citric acid prevents the
growth of molds. Finally, according to the quality and intensity of the enriched anthocyanin color
obtained in this research, it is possible to use it in the food industry.

Conclusion: The results demonstrated that cyanidin-3-glycoside is the main anthocyanin in
blackberry fruit. Light, temperature, changing pH, and the presence of oxygen reduce the stability of
anthocyanins by 56.5 to 88.2%. On the other hand, the addition of authorized food additives such as
carbon dioxide, citric acid, glucose, sorbitol, and nitrogen gas helped stabilize the pigments. Thus,
the samples retained their color up to 98.8, and 93.6%. in darkness, and indirect light, respectively.

Keywords: Anthocyanin, Blackberry, Stability factors, Natural pigments



