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1. Intelligent packaging

2. Indicators

3. Sensors

4. Radio Frequency Identification
5. pH indicators

6. pathogenic bacteria biosensors
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5. Tensile strength
6. Elongation-at-break
7. Swelling indices
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1. Purple sweet potato anthocyanins
2. Poly(vinyl alcohol

3. Hydrogels

4. Sodiumtripolyphosphate
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Table 1 Results of the amount of anthocyanin pigments extracted from red cabbage and beetroot under
Ultrasound-assisted extraction

Source of anthocyanins Intensity Time
beetroot Red cabbage (%) (min)
579.7853 ¢ 268.852° 200 2
584.461° 282.8791° 200 5
565.7582 ¢ 285.217° 200 10
589.1367° 261.8385 ¢ 300
607.8394 * 271.1899 ¢ 300 5
575.1096 ¢ 254.825 ¢ 300 10
551.7312° 243.1358 ° 400 2
542.3798 ¢ 245.4736 ° 400 5
537.7041 ¢ 236.1222 ¢ 400 10

Different lower case letters indicate a significant difference in the column (p<0.05).
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Table 2 Results of solubility and thickness of film samples

Thickness (mm) Solubility (%)
0.29+0.01° 13.70+.018° Cod (1)
0.30+0.01° 12.88+0.12° Cod (2)
0.29+0.01° 12.56+0.23° Cod (3)
0.30+0.01° 11.30+0.35° Cod (4)

Different lowercase letters indicate a significant difference in the column (p <0.05).
Cod (1):Polylactic acid film without anthocyanin, Cod (2):Polylactic acid film with anthocyanins extracted from red
cabbage, Cod (3): Polylactic acid film with anthocyanins extracted from beetroot, Cod (4): Polylactic acid film with
anthocyanins extracted from red cabbage and beetroot
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Table 3 Results of mechanical test of film samples

Young's modulus

Elongation at break

(MPa) Tensile strength (MPa) (%)
0.47+0.03° 0.008+0.000° 187.08+5.63¢ Cod (1)
0.59+0.04° 0.018+0.000° 315.54+21.15° Cod (2)
0.51+0.04% 0.019+0.000 * 368.54+14.28° Cod (3)
0.54+0.03% 0.019+0.000 * 354.29+33.21% Cod (4)

Different lower case letters indicate a significant difference in the column (p<0.05).
Cod (1):Polylactic acid film without anthocyanin, Cod (2):Polylactic acid film with anthocyanins extracted from red
cabbage, Cod (3): Polylactic acid film with anthocyanins extracted from beetroot, Cod (4): Polylactic acid film with
anthocyanins extracted from red cabbage and beetroot
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Table 4 Changes in the L* of films with pH changes

Cod (4) Cod (3) Cod (2) Cod (1)
31.74+0.25' 28.78+0.64"° 36.52+0.348 76.71£0.19** pH=1
32.294+0.63¢ 31.59+1.00%° 37.10+0.33® 76.78+0.45 pH=2
36.79+0.53%¢ 31.27+0.26%° 46.09+0.22¢" 76.76+0.46™ pH=3
38.56+0.46C 33.89+0.32 46.76+0.33™ 76.77+0.25 pH=4
39.5340.36°C 35.093+0.13%P 47.31+0.53°® 76.27+0.09°°* pH=5
43.13+0.24°¢ 37.78+0.35° 51.28+0.048 76.13+£0.16™* pH=6
41.59+0.27%¢ 35.89+0.51% 50.65+0.43% 75.99+0.58"* pH=7
41.08+0.23% 37.83+0.29°° 47.50+0.33° 75.72+0.30°4 pH=8
40.01£0.12¢ 31.55+0.44%° 51.57+0.14°" 75.67+0.39"* pH=9
35.69+0.49"C 38.22+0.54P 36.72+0.15"8 75.15+0.41°% pH=10
41.1240.72%° 47.98+0.13"C 37.88+0.22" 75.28+0.38%4 pH=11
38.81+0.20 34.29+0.41°P 45.78+0.16% 74.64+0.63%" pH=12
54.33+0.22C 52.15+0.42%° 60.43+0.29°® 74.06+0.35% pH=13
55.56+0.11°¢ 52.59+0.51°° 61.48+0.28"® 73.99+0.35* pH=14

Different lowercase letters indicate a significant difference in the column and different uppercase letters indicate a
significant difference in the row (p<0.05).
Cod (1):Polylactic acid film without anthocyanin, Cod (2):Polylactic acid film with anthocyanins extracted from red
cabbage, Cod (3): Polylactic acid film with anthocyanins extracted from beetroot, Cod (4): Polylactic acid film with
anthocyanins extracted from red cabbage and beetroot
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1. Purple sweet potato anthocyanins
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Table 5 Changes in the a* of films with pH changes

Cod (4) Cod (3) Cod (2) Cod (1)

43.36x0.31 < 40.44+0.25 & 49.85+0.87 ** 0.20+0.11 *° pH=1
43.81+0.16 48.46+0.58 44.10+0.23 *B 0.15+0.08 * pH=2
30.69+0.82 °° 50.77+0.31°* 12.89+0.34 <€ 0.15+0.06 °° pH=3
26.43+0.37 ° 52.42+0.17 A 3.85+0.38 ¢ 0.28+0.11 P pH=4
27.30+0.46 ° 54.26+0.26 " 2.91+0.06 <€ 0.30+0.17 P pH=5
26.54+0.35 P 55.184+0.39 * 1.18+0.21 ¢ 0.47+0.24 P pH=6
24.57+0.32 P 52.89+0.44 A -1.44+0.34 &° 0.69+0.28 ¢ pH=7
20.72+0.19 “® 48.83+0.62 A -4.28+0.16 " 0.68+0.34 <€ pH=8
14.34+0.64 ® 41.75+0.27%* 9.12+0.54 ® 0.96+0.17 ©© pH=9
4.89+0.18 B 27.81+0.62 4 -15.07+0.571° 1.3420.05 &€ pH=10

1.84+0.67 ® 25.71+0.58 4 -19.11+0.82'® 1.00+£0.29 ¢ pH=11

1.68+0.47 ® 24.51+0.29 -18.25+0.73 ¥° 1.44+0.14 ¢ pH=12
-12.19£0.77 *¢ 1.67+0.49 -22.67+0.50 ™ 1.93+£0.08 * pH=13
-2.08+0.58 *° -1.3440.41 ™€ 0.44+0.21 ® 1.86£0.08 pH=14

Different lower case letters indicate a significant difference in the column and different uppercase letters indicate a
significant difference in the row (p<0.05).
Cod (1):Polylactic acid film without anthocyanin, Cod (2):Polylactic acid film with anthocyanins extracted from red
cabbage, Cod (3): Polylactic acid film with anthocyanins extracted from beetroot, Cod (4): Polylactic acid film with
anthocyanins extracted from red cabbage and beetroot
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Table 4 Changes in the b* of films with pH changes

Cod (4) Cod (3) Cod (2) Cod (1)
13.67+0.25 & 13.51£0.53 A 16.23+0.71 <P 2.35+0.20 pH=1
11.76+0.19 *® 22.37+0.32 ¢ 5.24+0.46 4P 2.20+0.11% pH=2
9.28+0.34 B 23.96+0.36 ** -3.23+0.00 P 2.26+0.05 pH=3
8.11£0.23 ®® 22.97+0.81 -4.52+0.00 2.3240.05 pH=4
7.52+0.35 B 24.00+0.57 -5.52+0.27 &° 2.2240.05 © pH=5
6.60+0.31 21.06+0.09 &* -5.55+0.30 &° 2.62+0.09 %€ pH=6
2.28+0.50 ® 16.48+0.58 ™ -8.46£0.41 "° 2.960.11 “¢ pH=7
-1.57+0.43 ¢ 9.66+0.59 -9.55+0.08 P 2.80+0.25 pH=8
-1.66+0.22 " 9.94:0.45 ' -10.42++0.36 4 2.94+0.37 “B pH=9
-13.42+0.42 1 -1.48+0.30 *® -21.86+0.20 *° 3.2940.12"4 pH=10
-14.25+0.85 ¢ -4.29+0.44 8 22.66+1.01 P 3.3420.34 ™4 pH=11
-12.24+0.23 1.86+0.37® 24.11+0.57® 3.74£0.29 ** pH=12
33.12+0.67 *® 31.80+0.66 *© 36.67+0.36 ** 3.6120.13 **P pH=13
45.19+0.54 *® 33.75+0.22 % 59.86+0.42 ** 3.6420.19 *P pH=14

significant difference in the row (p<0.05).

anthocyanins extracted from red cabbage and beetroot

Different lower case letters indicate a significant difference in the column and different uppercase letters indicate a

Cod (1):Polylactic acid film without anthocyanin, Cod (2):Polylactic acid film with anthocyanins extracted from red
cabbage, Cod (3): Polylactic acid film with anthocyanins extracted from beetroot, Cod (4): Polylactic acid film with

Cod (2) Cod (3)

Fig 1Visual observations of film color change at different pH.
Cod (2):Polylactic acid film with anthocyanins extracted from red cabbage, Cod (3): Polylactic acid film with
anthocyanins extracted from beetroot, Cod (4): Polylactic acid film with anthocyanins extracted from red cabbage
and beetroot
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ABSTRACT

ARTICLE INFO

In the present study, the properties of film markers of polylactic acid and
anthocyanins extracted from red cabbage and beetroot were investigated. There
were four samples of: 1 (polylactic acid without anthocyanins), 2 (polylactic
acid containing red cabbage anthocyanins), 3 (polylactic acid containing beet
anthocyanin) and 4 (polylactic acid containing beet anthocyanin and red
cabbage). The samples were tested for thickness, solubility, mechanical
properties (tensile strength, elongation at break, Young's modulus) and changes
in color indices were also analyzed. The results showed that there was no
statistically significant difference in the thickness of the film samples (p> 0.05).
The highest solubility belonged to the sample 1 and the lowest solubility
belonged to sample 4. The results of mechanical tests showed that the highest
increase in elongation at breakbelonged to samples 3 and 4 and the lowest
increase in elongation at breakbelonged to sample 1 (p<0.05). The lowest tensile
strength and Young's modulus belonged to sample 1 (p<0.05). In all the film
samples except sample 1, by increasing pH (up to pH = 14), L * significantly
increased (p<0.05). In addition, in all pH ranges, sample 1 had the highest L *
and sample 3 had the lowest (p<0.05). a * in sample 3, at pH = 1-6, had an
increasing trend and then decreased to pH = 14 (p<0.05). In samples 2 and 4 at
pH = 1-13, a decreasing trend was observed and then up to pH = 14 an
increasing trend was observed (p<0.05). In sample 3, up to pH = 6, an increasing
trend and then up to pH = 14, a decreasing trend was observed (p<0.05). In the b
* of sample 2, first at pH = 1-12, a decreasing trend was observed and then up to
pH = 14, an increasing trend was observed (p<0.05). The b * of sample 3 at pH
= 1-11, and in sample 4 at pH = 1-12, showed a decreasing trend and an
increasing trend for both samples up to pH = 14 (p<0.05).Sample 4 was
introduced as the best treatment due to suitable physical properties and color
changes at different pH.
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