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Table 1. Analysis of variance (ANOVA) of the effects of microwave power and extraction time on total anthocyanin content

Anthocyanin df Source of variation
26.81% 2 Power
1175 2 Time
0,65 4 Power x time
0.05 18 Error
7.70 - v

** Values indicate significance at the 1% probability level; ns denotes no significant difference.
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Table 2. Comparison of means for the effects of microwave power and extraction time on total anthocyanin content

Total anthocyanin Treatments
mg/L Time (s) Power (W)
4.56° 30 90
461° 60 90
4.89° 920 90
3.35" 30 180
3.93" 60 180
226¢ 920 180
1.98°¢ 30 360
1.15¢ 60 360
0.58¢ 20 360

Means sharing at least one common letter are not significantly different at the 5% level
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Table 3. Analysis of variance (ANOVA) of the effects of different treatments on anthocyanin stability in Iranian Borage (Echium
amoenum) extract

Anthocyanin df Source of variation

2.90* 3 Permitted additives

0.01m Light conditions

0.11% 3 Light conditions % Permitted additives
0.02 14 Main plot error

31.5™ 1 Time

3.30% 3 Time x Permitted additives

0.05m 1 Time x Light conditions

0.06™ 3 Time x Permitted additives x Light conditions
0.02 16 Residual error
8.54 - cv

** Values indicate significance at the 1% probability level; ns denotes no significant difference.
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Table 4. Comparison of means for the dual effects of light and different additives on total anthocyanin in Iranian Borage (Echium

amoenum)
Total anthocyanin Treatments
Permitted . ie
mg/L additives Light conditions

1.51°¢ Control Indirect light
1.374 Control Darkness
1.68°¢ Glucose Indirect light
1.65¢ Glucose Darkness
2.34° Sorbitol Indirect light
2.66° Sorbitol Darkness
1.48°¢ Citric acid Indirect light
1.51°¢ Citric acid Darkness

Means sharing at least one common letter are not significantly different at the 5% level
Ol 32 5l e Sy ol dals lakiges SIS Bld e sl Sagpl LoaS e
Al G s e led S R Aol 5 sy s

Table 5. Comparison of means for the dual effects of time and permitted additives on total anthocyanin in Iranian Borage (Echium
amoenum) extract

Total anthocyanin Treatments
mg/L ‘ditives day
2.822 Control 0
0.07¢ Control 14
2.802 Glucose 0
0.53¢ Glucose 14
2.80° Sorbitol 0
2.20° Sorbitol 14
1.93° Citric acid 0
1.07¢ Citric acid 14

Means sharing at least one common letter are not significantly different at the 5% level

Ll ) ol b Go) @S Ol SiSes

P . , 4255 558 plp 53 ol ST ol —Y-Y-E
S bl ol (Csline gles 5 )5

QJ‘?
o obed 5 0L Jtes Sl iomen 5 atdls (gols s

cos owbaegml (ll Subsls BT s
(-\ Jj.l}-)bj_v ‘)‘J@M o/ Jl.«:;—\ ck.w).} C

Table 6. Analysis of variance (ANOVA) of the effects of storage time and treatment (light and temperature) on anthocyanin stability
in Iranian Borage (Echium amoenum)

Anthocyanin df Source of variation
1.77" 4 Treatment
0.00 10 Main plot error
1.08%* 3 Time
0.07%* 12 Time x Treatment
0.00 30 error
2.99 - Ccv

** Values indicate significance at the 1% probability level; ns denotes no significant difference.
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Figure 1. Anthocyanin stability under light and temperature conditions
(Different letters indicate significant differences at p < 0.05)
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ARTICLE INFO ABSTRACT
Echium amoenum, commonly known as Iranian borage, is a medicinal plant
. . from the Boraginaceae family. It is traditionally recognized for its anti-
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inflammatory, sedative, and anxiolytic properties. One of its key bioactive
compounds is anthocyanin. Anthocyanins are water-soluble, non-toxic
pigments with a wide range of colors, making them promising natural
alternatives to synthetic food and pharmaceutical dyes. To extract
anthocyanins from Echium amoenum, a microwave-assisted extraction
method was employed. The experiment was conducted as a factorial design
within a completely randomized framework with three replicates. Extraction
variables included microwave power levels (90, 180, and 360 watts) and
durations (30, 60, and 90 seconds). Total anthocyanin content was
quantified. Additionally, the stability of anthocyanins was evaluated in the
presence of approved food additives over 14 days, and under varying light
and temperature conditions over a 28-day period.The highest anthocyanin
concentration (4.89 mg/L) was observed at 90 watts microwave power and
90 seconds extraction time. Among the additives tested, sorbitol significantly
enhanced anthocyanin stability. Furthermore, storage in dark conditions and
under refrigeration notably improved the pigment’s stability. Microwave-
assisted extraction offers several advantages, including higher yield, reduced
processing time, and better preservation of anthocyanin properties. Stability
assessments under light, temperature, and additive exposure provide
valuable insights for optimizing anthocyanin applications in scientific and
industrial contexts.
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