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Fig 1 Fourier infrared spectroscopy of control, acid
and alkali complex powders (a), solid state uv-
visible spectrophotometry of tannic acid, control,
acid and alkali complex powders (b).
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Table 1 Volume, water solubility and total phenolic content of control, alkali and acid complexes

Sample

Total phenolic content

Complex volume (%) Water Solubility (%)

(mg/g DM)
Control 1522 +1.19% 63.50+2.12° 11.90 +0.70°
Alkali complex 129.53 +£3.32° 31.73+4.07° 3.65+£0.63°
Acid complex 60.53 + 4.98° 37.98 +0.67° 6.18 +0.42°

The different letters in each column represent significant difference at p < 0.05.
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Table 2 The complex yield and the complex volume of OTA-10, OTA-5, OTA-2.5 and OTA-0.5

complexes at reaction temperatures 30, 40 and 50 'C

OTA

Complex Volume

concentration (%) Temperature (C) Complex Yield (%) (%)

30 44.26+.59" 50.00+0.84°

0.5 40 44.61+1.48" 49.06+.19°
50 36.65+4.05° 32.76+.70%

30 44.3042.00" 48.5243.46°

2.5 40 43.86+.24% 50.84+0.19°
50 41.46+.33° 34.80+2.07¢

30 43.8241.64% 44.71+2.03¢
5 40 44.5241.66" 24.51+0.68"
50 43.4342.97% 30.47+0.00°

30 52.93+42.87° 56.86+0.53°

10 40 46.65+.79° 30.08+0.65¢
50 44.51+.05% 14.81+1.318

The different letters in each column represent significant difference at p < 0.05.
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Table 3 The properties of OTA-10, OTA-5, OTA-2.5 and OTA-0.5 complexes at reaction

OTA Total phenolic Color Water
. Temperatur o
concentration e (C) content Solubility
(%) (mg/g DM) a* b* L* (%)
30 24.4942 77° 8.16£1.68%  17.7120.74*¢  59.41+4.92*  8.03+0.52°
0.5 40 20.0942.26° 7.7120.66™  17.56+0.76°  58.23+3.52"  8.53+1.46°
50 14.5240.56° 8.64+0.00°  17.24+0.02¢  53.37£0.00°  10.85%1.01°
30 40.7242.17¢ 7.5242.12%  18.93+0.51%°  58.19+0.25®  7.07+0.76°
2.5 40 38.32+6.84¢ 8.13+0.43  18.17+0.37°  55.5240.33%  10.77+0.52°
50 21.7241.91° 8.08+0.53® 1831+ 0.41*%  50.88+0.79%  11.17+0.90°
30 85.8349.065° 6.45+0.77°  20.08+0.98*  54.51+2.68"¢  4.75+0.49¢
5 40 92.80+0.01° 8.16+1.68°  19.09+£1.16™  52.91£1/96°*  5.38+0.02%
50 56.99+£2.77¢ 8.02+0.38°  17.7241.43°¢  48.61+0.08°"  7.71+0.50°
30 70.01+8.45° 7.69+0.14™  18.09+0.33%¢  44.69+2.00°  7.05+0.78"
10 40 64.41+5.25 9.4+0.72° 18.23+£0.77%  44.41+0.54f  10.90+0.47°
50 57.97+8.13¢ 8.6+0.09°  17.95+1.06%¢  44.82+0.617  11.70+0.89°

temperatures 30, 40 and 50 C
The different letters in each column represent significant difference at p < 0.05.
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Fig 3 SEM images of complexes before (1) and
after (2) adding of OTA-5 (a), the color of tannic
acid solution at different pH, non-OTA at pH=3.25
(1), non-OTA at pH=9 (2), OTA at pH=9 (3), OTA
at pH=3.5 (4) (b).
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In this study, a tertiary conjugate of flaxseed mucilage (FM)-gelatin—oxidized tannic acid
(OTA) at two acidic and alkali pHs was fabricated. The total amount of biopolymers and
added OTA was 2% (w/w solution) and 5 % (of total biopolymers), respectively. Fourier
transforms infrared spectroscopy and solid state UV-visible spectroscopy were applied to
confirm the complex formation and volume, solubility and phenolic content of the
complexes were determined. Then, the effect of OTA concentration (0.5, 2.5, 5 and 10%)
and reaction temperature (30, 40 and 50 °C) of gelatin with OTA were also evaluated
through scanning electron microscopy analysis, yield complex and colorimetry. It was
found that the addition of OTA to gelatin solution at alkali pH created strong bonds and a
stable complex. The water solubility of acid complex (6.1%) was higher than that of alkali
sample (3.6%). The optimal condition, regarding to high phenolic content and low
solubility, was 5% OTA and the reaction temperature of 30 °C. This complex, may be
suitable to apply for various applications such as protection of sensitive food ingredients
from oxidative stresses and controlled release of bioactive components in delivery systems
in food industry.

Key Words: Oxidized tannic acid, Flaxseed mucilage, Gelatin, Tertiary complex, Solid
state UV-visible spectroscopy
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