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1. Introduction

Shako Flexipack Private Limited (Shakoflex) is engaged in manufacturing and exporting
Flexible Packaging Products; offering customised and stock packaging solutions to suit

most stringent and aesthetically challenging needs of various industries [1].

Shakoflex manufactures printed & laminated packaging films in rolls-stock and
converted products such as stand-up pouches, centre-seal and pillow and back seam
bags side-gussetted, flat-bottom and various other bag formats integrating zipper,
spout, hole, d-punch, rivets etc. for applications such as food packaging, healthcare &

pharmaceuticals, engineering products, chemicals, cosmetics, among others [1].

M/s. Shakoflex contacted Indian Institute of Packaging (IIP), Mumbai and requested to
perform biodegradability test of their flexible multilayer packaging film sample, marked
as “Shakoflex Sample Roll (12 microns PET + 50 microns PE)” as per the guidelines of

IS/ISO 15985 standard.

2. Scope:

The scope of testing the samples received from M/s. Shakoflex included the extent of
biodegradability as per the guidelines of IS/ISO 15985, i.e. “Determination of the
ultimate anaerobic biodegradation and disintegration under high-solids anaerobic-

digestion conditions” and party’s request.

3. Sample Details:
The flexible multilayer packaging film sample, received from the party, was marked as

“Shakoflex Sample Roll (12 microns PET + 50 microns PE)”.

4. Experimental:

4.1. Materials

The test samples were prepared by cutting the film into 2 cm x 2 cm pieces. The
inoculum used in the test was procured from a properly operating anaerobic
digester using pre-treated household waste as the sole feedstock. The pretreated

household waste was obtained from a waste treatment facility.
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4.2. Method

4.2.1. Biodegradability Testing Apparatus

The apparatus for measurement of biodegradability was developed indigenously.
However, the apparatus has been designed and developed as per the guidelines of
IS/ISO 14855-1 standard, but suitable arrangements were done to test the received

sample as per the guidelines of IS/ISO 15985 standard.

The apparatus is basically an assembly of digestion vessels; incubation chamber with
temperature control mechanism containing the digestion vessels; and CO; absorbing
vessels to quantify the amount of CO2 release. The apparatus consisted of total nine
vessels placed in three level partitions (3 vessels on each level) of the incubation
chamber. On each level, the first vessel was taken as blank control; the second one was
taken as positive control; and the last one was taken as the test (containing the test

sample).

The biodegradability test was initiated on 13th February 2019. The sample was kept in
digestion vessels in-between the inoculum mixture which was gently spread and
compacted evenly in the vessels to a uniform density. The vessels were incubated at a
constant temperature of 52+2 °C for 45 days (as per part’s request). Anaerobic
conditions were maintained throughout the test and the CO2 gas evolved from each
vessel was absorbed in three vessels (in series) containing sodium hydroxide solution.
The mean value (from the three replicates) of the net CO, produced by the test sample
was determined by subtracting the mean CO, production from the inoculum. The

percent biodegradation was calculated as per the guidelines of [S/ISO 15985 standard.

4.2.2. Calculations

Percentage biodegradation was calculated from the amount of carbon dioxide evolved

during each measurement interval using Equation (1)

mg 4 (test)—m¢ 4 (blank )

%biodegradation = x 100 (1)
me,
where
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mcy = amount of carbon dioxide evolved, in grams;

mc,; = amount of carbon initially present in the test material, in grams
The percentage biodegradation of the reference material (positive control) in the
vessels was also calculated in the similar manner.
5. Results:

5.1. Biodegradability Test

The day-wise carbon dioxide produced and percent biodegradation data obtained for

the film sample are mentioned in Table 1.

Table 1: Carbon Dioxide Produced and Percent Biodegradation Data

Time Carbon dioxide Produced (g) Biodegradation (%)
(Days) Blank Cellulose Test Sample Cellulose Test Sample

0 0.000 0.000 0.000 0.00 0.00

1 0.001 0.400 0.096 2.45 0.41

3 0.002 1.330 0.199 8.15 0.85

5 0.009 2.662 0.341 16.28 1.43

7 0.013 3.958 0.672 24.21 2.84

9 0.031 6.067 1.040 37.04 4.35

11 0.075 7.612 1.787 46.25 7.38

13 0.099 9.195 2.240 55.82 9.23

15 0.104 10.137 2.723 61.57 11.29

20 0.213 11.351 3.345 68.35 13.50

25 0.354 12.231 3.855 72.88 15.09

30 0.532 13.049 4517 76.81 17.18

35 0.612 13.672 5.017 80.14 18.99

40 0.785 14.265 5.429 82.72 20.02

45 0.874 14.646 5.880 84.51 21.58

50 0.927 14.881 6.246 85.63 2293
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Time Carbon dioxide Produced (g) Biodegradation (%)

(Days) Blank Cellulose Test Sample Cellulose Test Sample
60 1.068 15.309 7.220 87.39 26.52
70 1.168 15.657 7.847 88.91 28.79
80 1.375 16.164 8.631 90.75 31.28
90 1.398 16.387 9.019 91.98 32.85
100 1.413 16.575 9.201 93.04 33.57
110 1.425 16.790 9.368 94.29 34.24
120 1.431 16.989 9.522 95.47 34.88
130 1.442 17.120 9.703 96.21 35.61
140 1.451 17.226 9.853 96.80 36.22
150 1.460 17.290 10.018 97.14 36.89
160 1.482 17.378 10.075 97.55 37.04
170 1.492 17.452 10.194 97.94 37.51
180 1.499 17.496 10.266 98.17 37.79

The biodegradability curves for positive control (microcrystalline cellulose) and the test

sample are shown in Figure 1.
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Figure 1: Biodegradation Curve for Positive Control (Microcrystalline Cellulose) and
Test Sample (“Shakoflex Film")
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6. Conclusion:

As observed from Table 1 and Figure 1, the test sample “Shakoflex Film (12 microns
PET + 50 microns PE)” has shown biodegradation of 37.79% after a period of 180 days
under anaerobic digestion conditions. After initial lag phase (i.e. the time from the start
of a test until adaptation and/or selection of the degrading microorganisms is achieved
and the degree of biodegradation of the sample has increased to about 10% of the
maximum level of biodegradation) of 10 days (approx.), the biodegradation phase (i.e.
the time from the end of the lag phase of a test until about 90% of the maximum level of
biodegradation has been reached) went up-to 110 days (approx.). The plateau phase (i.e.
the time from the end of the biodegradation phase until the end of a test) has been

observed for rest of the test duration.
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General Remarks:

a) This report cannot be reproduced without written approval of the competent
authority.

b) Sampling was done by the party. The test samples were submitted by the client.

c) The sample descriptions provided in the test report are based on declaration by
the party.

d) This report pertains to the submitted samples only.

e) This report is for private use only and not to be used for publicity or litigation.
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