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Figure 1- In vitro plantlets of the anthocyanin producing wild apple used in this research.
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Figure 2- Callus of the anthocyanin producing wild apple used in this research.
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Tablel- Mean comparison of ranked data for color intensity index, total anthocyanin, callus growth index,

callus diameter, dry and wet weight resulted from carbohydrate treatments.

S 055 oSS S 055 | oSSkl Ay el JS ol sl DS el e
IS (¢5 ) (e o) o S ) 5 Treatment
(pf o) Callus wet Callus Callus 5055 0S5k cvigr FW
weight (mg) diameter growth Color
C"?‘"us dry (mm) index (J")Jls intensity
weight (mg) . .
Total anthocyanin index
(mg/KgFW)
97.22+7.95% 845.62+27 557 1620.42% 72.404.73% 27.28+1.28™ 0.18+0.008™ M 1% + S 3%
104.44+9.36% 833.12421.94® | 15.25+0.29°* 66.6+4.38% 40.30£1.47° 0.28+0.009° M 2% + S 3%
107.63+10.29™ | 802.65+18.77% | 15.68+0.39°* 60.50+3.7% 45.32+1.58° 0.30+0.010 ° M 3% + S 3%
122.23+11.58* 758.62+21.16™ 14.62+0.45% 59.60 +3.67" 35.93+2.14° 0.25+0.014° M 4% + S 3%
144.16225.25° 768.75+12.58° 14.0620.42% 53.75+2.51° 18.75+1.14% 0.12+0.007°*" | M 5% + S 3%
96.47+21.83% 896.25+20.57° 17.62+0.48% 79.25+4.11% 18.68+1.33% 0.12 +0.009%f S 3%
135.33+28.25%° | 878.75+20.28" | 16.43+0.36™° 75.25+4.05% 22.8+1.46"% 0.15+0.009"* S 4%
68.84+12.40% 845.93+11.53"® | 15124037 69.19+2.30% 27.72+1.32° 0.18+0.008" S5%
114.60+13.97% | 848.43+29.43® | 14.87+0.30°* 69.69+5.88% 40.54+2 59° 0.27+0.017° S 6%
62.3646.77° 848.75+26.95® | 15.37+0.45%* 69.75+5.39% 22.32+3.02%% 0.15+0.020™* G 3%
126.60+ 22.55%° | 843.43+26.23" | 15.06+0.42°* 68.69+5.24% 14.64+2.80° 0.09+0.019° G 4%
142.84+18.73° 846.87+31.32% 14.93+0.32% 69.38+6.26% 14.78+1.38% 0.1+0.009%f G 5%
110.81+5.90ab° | 846.25+30.63" | 15.25+0.60°* 69.25+6.12% 14.23+2.00° 0.09+0.013% G 6%
94.07+17.32% | 847.18+17/84® | 15.75+0.73°® 69.44+3 57% 13.84+2.93 0.09+0.019 F 3%
89.14+7.28% 841.56+23.02" | 15.3740.51° 68.31+4.6% 16.6+2.50% 0.1120.016%f F 4%
99.57+13.75% 827.18+21.89" | 15.56+0.53" 65.44+3.57% 20.63+2.60™ 0.14+0.01 7% F 5%
114.3747/00™ | 824.37+26.27% 13.75+0.29° 64.88+5.25% 23.2545.88 0.15+0.039 F 6%
93.31+11.48%° 893.43+22.94° 17.43+0.40° 78.69+4.59° 13.64+1.51° 0.09+0.010 Ma 3%
107.15+14.27%" | 868.43+19.10% 15.93+0.38% 73.69+3.82% 13.62+1.37" 0.09+0.009 Ma 4%
78.71+8.05™ 882.5+27.44% 1620.55%* 76.5045.48% 14.73+1.98° 0.1+0.013% Ma 5%
74.7047.73" 825.18+47.58% 15.37+0.42°® |  68.71+9.38% 26.84+2.54" 0.18+0.017" Ma 6%

il o el =S s S 05031 b Aoy B e 03 ls e O L Oyt 3 OLaSS d Gy  L sla ( Sbs
Means with different letters in each column indicates significant difference (p<0.05) using Kruskal-Wallis test.
M (Mannitol) (J sz5L); S (Sucrose) (5,5L.), G (Glucose) (55 45); F (Fructose) (555 5); Ma (Maltose) (5 s3L)
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Figure 3- Regression curve for concentration of mannitol-sucrose and anthocyanin
level.
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Table 2- Regression analysis of diverse concentration of mannitol-sucrose and
anthocyanin level.
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Figure 4- Regression curve for concentration of sucrose and anthocyanin level.
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Table 3- Regression analysis of diverse concentrations of sucrose and anthocyanin level.

(Mean of squares) e Sle  (Degree of freedom) (ssl3l ax s

0.061" 2 (Regression) ¢ s S

0.001 34 (Residual) b3l

=

(Significant with p<0.01) s s 1 Jlaim o 55 Jls sma
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Figure 5- Regression curve for different concentrations of maltose and anthocyanin
level.
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Table 4- Regression analysis of diverse concentrations of maltose and anthocyanin level.
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Abstract

In vitro culture of plant cells is an ideal method for commercial production of large
amounts of several important secondary metabolites. There are some wild apples (Malus sp.)
native to Central Asia and Siberia that can produce anthocyanin in their various organs even
in vitro and contain compounds such as flavonoids and polyphenols, which have antioxidant
activity. There are numerous factors affecting anthocyanin production in in vitro condition.
The aim of this study was to determine the best source and optimum concentration of
carbohydrates including sucrose, glucose, fructose, maltose and mannitol to produce
anthocyanin in callus culture of an in vitro grown anthocyanin producing wild apple. The
results showed that the mannitol concentration of 3% plus 3% sucrose was the most effective
carbohydrate treatment for anthocyanin production. Increasing mannitol concentration to
more than 3% resulted in reduced anthocyanin production. Increasing mannitol concentration,
decreased callus growth index and callus fresh weight; while, callus dry weight increased.
The highest anthocyanin production and the lowest callus growth index were observed in 6%
among the other sucrose concentrations. Glucose, fructose and maltose had weaker effects on
anthocyanin content.
Key words: Anthocyanin, carbohydrate, apple, in vitro.
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