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  Program Studi   : Teknik Mesin 

 

bermaksud melakukan Pengujian Material dalam rangka penyelesaian disertasinya. 
 

Sehubungan dengan hal tersebut kami mohon kebijaksanaan bapak/ibu kiranya berkenan 
memberi izin kepada yang bersangkutan. 
 

 

Atas perkenan dan kerjasamanya disampaikan terima kasih. 
 

a.n. Dekan 
Wakil Dekan Bidang Akademik dan Kemahasiswaan, 

 
 
 
 
 
 
 
     Dr. Amil Ahmad Ilham, S.T., M.IT 

NIP 19731010 199802 1 001 
Tembusan : 
1.  Dekan FT-Unhas; 
2.  Ketua Departemen Teknik Mesin;  
3. Ketua Program Studi S3 Teknik Mesin; 
4. Mahasiswa yang bersangkutan. 
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kboratorium Penguii
LP{4&{DX

LAPORAN HASIL PENGUJIAN

cER2.lIFIcИ rE θF∠ⅣИzysfi[I

l{ornor Pekerjaan

.Iob l{umber

:LPPS,XIJ‥2305-9/4

Jabatan

./ob Title

Tujuan Pengujian

Purpose o.f anal1,5i5

Nc. Faksl i"r.r-r ,\i.r

No. Telp./ Phone \o.

Tanggal Sampel Dianalisis

Date o-f Sample ;lnab,sed

Total Halaman

Dipersemtlahkan Kepada
Presented To

Kepada Yth

,4tte ntion

Nama Pelanggan

Cu,stanter Name

A lam atlU niversitas

Address,l{i niversity

Tanggal Sampel Diterima

Date of Sample Receipt

E,mail

E*rcif

Nama Pengujian

,Yame o.f'anal),si,t

: Budiawan Sulaeman

: Budiawan Sulaeman

: Universitas Hasanuddin

:91卜Iei 2023

budiawan.su I aem anl 7 @gmail.com

Analisis Sampel Serbuk dan Fihn
menggunakan XRD dan XRF

Penenti

: Analisis Unsur

:081242625598

:17… 231卜lei 2023

Hasil han,va berhubungan dengan contoh yang diuji dan iaporan ini tidak boleh digandakan kecuali seluruhnya.

The result retate only to the samples tested and lhis repor! shall not be reSlroduced except in.full

No. Dok: FSop-7.8-{.pps-FMtpAUFr-01.i No.Rcvisi/Tcrbit:1/1 II:Ialalnan l dari 3



LABORATORIU卜 I PENELITIAN DAN PENGE卜 lBANGAN SAINS
FAKULTAS MATE卜 lATIKA DANILMU PENGETAHUAN ALAM

UNIVERSITAS IIASANUDDlN
Jl.Pcrintis Iく crncrdckaan lKin. 101｀ al■lalanrca,ゝ /1akassar 90245

Tclp.0411-586016・ Fax.0411-588551 0 Elllail:  _     ‐ ‐          ‐

Nomor Pekerjaan

Pelanggan I Principal
l.l Nama I Name
1.2 Alamat I Address
i.3 Telepon I Phone
1.4 Personil Penghubung I Contact Person
1..5 E,rrrail / Email
Contoh Uji I Sample
2.1 Kode Sanrpel I Sampel Code
2.2 Kenrasan I Packaging
2.3 Nama Sarnpel I Sample llame
2.4 Jurnlah Sampel I Number oJ'Sample
2.5 Tanggal Sarnpiing I Date of Sampling
2.6 Diterima I Date of R.ecei,-ed

2.7I'anggal Uji I Date ol Anal-vsis
2.8 Jenis tJji I \tpe oJ Analysis
Hasil U.ii / Resulr
3.l XRF

a.Kode ::LPPS.X-2305-9/4a

b.Kodc LPPS.X-2305-9′4b

LAPORAN ⅡASIL PENGUЛAN
CER2‐IFICИIE θFИⅣ:И ZISttSi千

::LPPS.X:J-2305-9/4

Budiawan Sulaelllan

しinivcrsitas IIasanuddin

081242625598

budi awan.sulaemanTT@gmai L com

:LPPS.X-2305-9/4a-4d
i Plastik

:SCrbLlk dan Fi1111

:4

:9ヽ4ei 2023

:17-23:ヽ4ci 2023

:XRD dan XRF

Narna 1lⅥ:AT STA

Nama MAT STB

II.

III.

Parameter Satuan Hasil

Si in/m% 38.57

Px mlma/o 29.47

Ca mlnor| 12.91

CI mlmo/c 7.70

K lmllr;rok 7.09

Nb m/m9/o 1.22

h4o m/m96 0.941

in/1■% 0.573In

Sn mlmo/o 0.459

Rll m/m% 0.43

Sb mlrr%o 0.35

Rh m/m% 0.285

Parameter Satuan Hasil

Si02 m/m% 52.45

P205 m/m7o 31.09

Ca0 :r.;rlmn/o 7.16

K20 m/nl% 3.60

:rrlma/o 3.51Cl

Nb2()5 m/m% 0.665

Mo()3 inirn96 0.539

In2()3 11〕 /m% 0.262

Sn02 mlmo/a 0.221

Ru04 1■ /1n9/6 0.212

Sb2()3 m/in% 0.158

Rh203 m/m% 0.130

Parameter Satuan Ⅱasil

卜4真 mlmo/o 37.32

Si m/m00 35.89

Px mlm9'o 11.90

9.07K m/m?ir
mlmo/o 4.44Ca

Nb m/1■% 0.41

Mo mlmo/o 0.30

In 111たn06 0.172

Sn m/m% 0.159

Ru m/m% 0.130

Sb 111,/m% 0.122

Parameter Satuan Hasil

45.29Si()2 111/mシ 6

MgO rnlmoh 36.61

P205 m/m% 12.85

K20 m/m% 3.24

Ca0 m/m% 1.52

Nb2()5 :mlmoA 0.159

Mo()3 1■/m% 0.123

In2(1)3 m/m% 0.056

Sn()2 mlmYo 0.055

1″lm% 0.045Ru04

No.Dok:FSOP‐ 7.8‐LPPS‐ 1'ヽlIPAt'H‐01.1 No.Revisi/Terbitl1/1 Hala11lan 2 dari 3



LABORATORIU卜 IPENELITIAN DAN PENGETし
`IBANGAN SAINSFAKULTAS MATEMATIKA DAN ILMIU PENGETAHUAN ALAM

UNIVERSITAS IIASANUDDIN
Jl.Pcrintis Kcmcrdckaan Kl■ .10 Tal■ alanrca、 Ⅳlakassar 90245

Te撃 斜 11-586016・ F猟 0411-588551・ Email:堕ps童菫塗・Шh旦重独nail.∞m

# Strongest 3 peaks

3.2 XRD

a. Kode Saln

b. Iくlodc

c. I《lode

d. I(odc

Catatan:

LPPS.X-2305-9/4a

:LPPS.X-2305-9/4b

LPPS,X-2305-9/4c

lノPPS.X-2305¨9/4d

Nama MAT STA

Nama l :卜4AT STB

Nama

Nama S

Makassar,25 Mci 2023

Penang_uung Jawa b Teknis

A

D

九ン〕)

ノト
'/ぐ

Si

.197508261996012001

Hasil U,ii hanya berlaku untuk contolr tersebut di atas
Dilarang mengutipmenyalin sebagian isi hasil uji ini

No. Peak No.
2Theta

(deg)
d(A) 1/11

FWEM
(deg)

Intensity
(Counts)

Integrated
Int (Counts)

2 17.1600 5.16321 100 0.92800 131 4924
2. 17.9200 4.94591 89 1.49000 116 7286

34 64.4068 1.44542 79 0.56360 103 2875

No. Peak No。
2Theta

(deg)
d(A) 1/11

FWHM
(deg)

Intensif
(Counts)

Integrated
Int (Counts)

2 17.1200 5.17518 100 1.07000 171 7624
2 17.9200 4.94591 92 1.18000 157 8006

7 23.2625 3.82070 84 1.86500 144 13098

No. Peak No。
2Theta

(deg)
d(A) 1/11

FWHM
(deg)

Intensity
(Counts)

Integrated
Int (Counts)

11 44.0632 2.05349 100 0.17310 814 7496
12 64.4212 1.44513 86 0.18910 697 7424
9 37.8189 2.37693 15 0.17260 125 1345

No。 Peak No.
2Theta

(deg)
d(A) 1/11

FWHM
(deg)

Intensify
(Counts)

Integrated
Int (Counts)

16 44.0867 2.05245 100 0.15990 716 6038
2. 18 64.4502 1.44455 76 0.18630 546 5818

14 37.8264 2.37648 17 0.15800 125 1193

No. Dok: t:sop-7.8-t_pps-t:MIpAt,rt I-0t. I No.Rcvisi/Tcrbit:1/1 Halarnan 3 dari 3



 

 

LAMPIRAN 
 

Pengujian Uji FTIR 

(Fourier Trasform infra-Red) 

 
 

 

 

 

Laboratorium Microstruktur Kimia 

Fakultas Matematika dan Ilmu Pengetahuan Alam  

UNIVERSITAS HASANUDDIN 

 

 

 

KARAKTERISASI PATI SAGU (Metroxylon SP) DALAM  

MENGEMBANGKAN MATERIAL BIOPLASTIK  

 

CHARACTERIZATION OF SAGO (Metroxylon SP) STARCH 

 IN DEVELOPING BIOPLASTIC MATERIALS 

 

 

BUDIAWAN SULAEMAN 

D043181001 

 

 

PROGRAM STUDI DOKTOR ILMU TEKNIK MESIN 

DEPARTEMEN TEKNIK MESIN 

FAKULTAS TEKNIK 

UNIVERSITAS HASANUDDIN 

GOWA 

2023 

 



KEMENTERIAN RISET, TEKNOLOGI DAN PENDIDIKAN TINGGI 
UNIVERSITAS HASANUDDIN 

FAKULTAS TEKNIK 
Jalan Poros Malino, Km.6 Gowa, 92171, Sulawesi Selatan 
 (0411) 586015, 586262    Fax (0411) 586015. 

http://eng.unhas.ac.id.   E-mail:teknik@unhas.ac.id 
 

Nomor :  13298/UN4.7.1/PT.01.04/2023                20 Juni 2023                    
Lamp. :  - 
Hal :  Permohonan izin Pengujian Material 
      

Yth     :  Kepala Laboratorium Microstruktur Jurusan Kimia 
        Fakultas MIPA Universitas Hasanuddin 

       di 
       Tempat 

 
Dengan hormat, berdasarkan surat Ketua Program Studi S3 Teknik Mesin Fakultas Teknik 
Universitas Hasanuddin Nomor: 13223/UN4.7.8/PT.01.04/2023 tanggal 20 Juni 2023 tentang 
permohonan pengantar izin Pengujian Material Mahasiswa Program Doktor (S3) Teknik Mesin  
Fakultas Teknik Universitas Hasanuddin tersebut dibawah ini: 
 

  Nama    : Budiawan Sulaeman  
  Nomor Pokok   : D043181001 
  Program Pendidikan  : Doktor (S3) 
  Program Studi   : Teknik Mesin 

 

bermaksud melakukan Pengujian Material dalam rangka penyelesaian disertasinya. 
 

Sehubungan dengan hal tersebut kami mohon kebijaksanaan bapak/ibu kiranya berkenan 
memberi izin kepada yang bersangkutan. 
 

 

Atas perkenan dan kerjasamanya disampaikan terima kasih. 
 

a.n. Dekan 
Wakil Dekan Bidang Akademik dan Kemahasiswaan, 

 
 
 
 
 
 
 
     Dr. Amil Ahmad Ilham, S.T., M.IT 

NIP 19731010 199802 1 001 
Tembusan : 
1.  Dekan FT-Unhas; 
2.  Ketua Departemen Teknik Mesin;  
3. Ketua Program Studi S3 Teknik Mesin; 
4. Mahasiswa yang bersangkutan. 
 
 
 
 
 
 
 
 
 



Date/Time;    2/7/2023 2:40:46 PM
No. of Scans;
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 368.4 86.236 2.138 372.26 345.26 0.988 0.235
2 401.19 73.992 10.29 422.41 374.19 4.85 1.339
3 426.27 82.629 1.137 453.27 424.34 1.469 0.24
4 474.49 96.147 3.655 495.71 457.13 0.336 0.308
5 524.64 86.833 12.73 547.78 497.63 1.66 1.577
6 572.86 83.552 15.661 594.08 549.71 1.791 1.636
7 611.43 95.265 4.336 634.58 594.08 0.448 0.385
8 667.37 98.83 0.914 684.73 640.37 0.128 0.084
9 711.73 86.291 13.312 736.81 684.73 1.686 1.597
10 765.74 77.462 22.203 808.17 738.74 3.368 3.285
11 858.32 71.86 27.828 883.4 819.75 4.456 4.338
12 920.05 77.989 21.696 941.26 885.33 3.256 3.19
13 979.84 55.845 43.77 1066.64 943.19 17.484 17.26
14 1085.92 90.696 8.911 1132.21 1068.56 1.509 1.395
15 1165 74.777 24.567 1193.94 1134.14 4.063 3.892
16 1246.02 94.038 5.136 1273.02 1226.73 0.748 0.558
17 1305.81 98.919 0.971 1317.38 1288.45 0.08 0.063
18 1342.46 89.713 4.068 1354.03 1319.31 1.079 0.377
19 1462.04 71.423 28.033 1523.76 1392.61 8.302 7.989
20 1531.48 98.964 0.616 1546.91 1523.76 0.063 0.025
21 1647.21 53.703 45.535 1735.93 1571.99 20.666 20.153
22 1751.36 99.217 0.598 1761.01 1735.93 0.052 0.034
23 1867.09 98.98 0.573 1880.6 1849.73 0.09 0.033
24 1915.31 99.196 0.301 1928.82 1899.88 0.081 0.018
25 2088.91 92.013 1.521 2110.12 1994.4 2.996 0.866
26 2357.01 95.555 2.8 2412.95 2337.72 0.646 0.27
27 2476.6 98.686 1.273 2524.82 2412.95 0.368 0.345
28 2582.68 98.694 1.079 2613.55 2524.82 0.31 0.243
29 2719.63 97.068 1.319 2779.42 2690.7 0.808 0.293
30 2891.3 70.6 2.594 2900.94 2779.42 8.065 0.367
31 2927.94 67.582 10.43 3003.17 2902.87 9.539 2.052
32 3099.61 90.908 1.584 3113.11 3014.74 2.478 0.503
33 3562.52 45.749 54.3 3716.83 3201.83 98.145 98.539

Material Dasar STA



Resolution;

Date/Time;    2/7/2023 2:35:16 PM
No. of Scans;
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 399.26 76.032 13.651 455.2 374.19 6.095 3.143
2 474.49 96.088 3.518 499.56 457.13 0.387 0.318
3 524.64 89.862 9.967 547.78 499.56 1.213 1.176
4 574.79 83.765 13.096 596 549.71 2.007 1.426
5 609.51 92.809 3.427 640.37 596 0.844 0.321
6 667.37 99.107 0.947 684.73 640.37 0.069 0.086
7 711.73 88.118 11.274 736.81 684.73 1.469 1.339
8 767.67 80.143 19.063 815.89 738.74 3.171 2.923
9 858.32 75.138 24.558 883.4 817.82 3.875 3.784
10 921.97 81.717 18.242 943.19 885.33 2.63 2.611
11 985.62 61.103 38.838 1066.64 945.12 15.221 15.142
12 1083.99 90.396 9.121 1130.29 1068.56 1.494 1.376
13 1163.08 75.432 24.092 1193.94 1132.21 3.869 3.741
14 1246.02 93.763 6.294 1286.52 1222.87 0.883 0.912
15 1305.81 99.139 0.933 1317.38 1286.52 0.047 0.062
16 1365.6 90.587 2.871 1396.46 1354.03 1.398 0.469
17 1462.04 76.838 23.001 1500.62 1398.39 6.023 5.971
18 1531.48 99.323 0.345 1535.34 1517.98 0.026 0.009
19 1645.28 52.619 47.021 1761.01 1570.06 22.84 22.535
20 1811.16 98.882 0.454 1838.16 1803.44 0.094 0.022
21 1867.09 99.364 0.623 1880.6 1849.73 0.034 0.035
22 1942.32 99.016 0.723 1978.97 1924.96 0.109 0.075
23 2090.84 92.065 1.308 2108.2 1992.47 2.779 0.799
24 2144.84 91.956 1.863 2283.72 2110.12 3.605 0.635
25 2357.01 95.734 2.931 2393.66 2337.72 0.552 0.277
26 2474.67 98.77 1.257 2522.89 2412.95 0.336 0.342
27 2582.68 98.869 1.319 2619.33 2522.89 0.229 0.303
28 2721.56 97.763 1.243 2771.71 2690.7 0.568 0.271
29 2891.3 72.858 2.21 2900.94 2773.64 7.424 0.272
30 2927.94 69.544 10.08 3007.02 2902.87 8.772 1.965
31 3099.61 93.488 1.071 3113.11 3008.95 1.696 0.345
32 3560.59 41.429 9.831 3716.83 3531.66 44.866 10.424

Material Dasar STB



Resolution;

Date/Time;    2/6/2023 11:18:39 AM
No. of Scans;

Comment;
Asam Asetat

Apodization;
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Asam Asetat

No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 356.83 47.809 48.286 433.98 343.33 10.364 9.375
2 457.13 95.365 4.396 497.63 435.91 0.602 0.532
3 615.29 90.986 9.074 651.94 569 1.584 1.606
4 671.23 99.151 0.789 702.09 653.87 0.107 0.084
5 717.52 99.557 0.243 761.88 702.09 0.055 0.024
6 885.33 96.829 3.133 910.4 854.47 0.342 0.335
7 939.33 99.166 0.801 970.19 910.4 0.129 0.121
8 1014.56 87.359 10.246 1035.77 970.19 1.656 1.167
9 1049.28 94.761 2.596 1080.14 1037.7 0.534 0.183
10 1099.43 99.451 0.444 1114.86 1080.14 0.042 0.026
11 1138 99.705 0.394 1161.15 1114.86 0.01 0.03
12 1267.23 66.117 33.818 1334.74 1163.08 12.887 12.881
13 1390.68 75.195 24.591 1477.47 1336.67 8.048 7.907
14 1512.19 99.011 0.668 1533.41 1487.12 0.127 0.062
15 1651.07 70.844 1.122 1654.92 1550.77 6.415 0.335
16 1716.65 39.822 40.992 1830.45 1656.85 28.533 15.855
17 1865.17 99.441 0.225 1878.67 1847.81 0.059 0.014
18 1911.46 99.596 0.128 1928.82 1896.03 0.048 0.009
19 2019.47 99.245 0.415 2071.55 1973.18 0.248 0.103
20 2148.7 99.337 0.436 2210.42 2071.55 0.27 0.126
21 2256.71 99.481 0.321 2281.79 2210.42 0.107 0.049
22 2360.87 90.149 5.419 2393.66 2343.51 1.257 0.49
23 2426.45 99.828 0.045 2434.17 2393.66 0.019 0.009
24 2617.4 91.517 8.191 2729.27 2434.17 5.042 4.698
25 2754.35 99.406 0.235 2781.35 2729.27 0.108 0.027
26 2945.3 94.594 2.811 2989.66 2866.22 1.836 0.735
27 3022.45 95.717 1.257 3116.97 2991.59 1.443 0.291
28 3134.33 99.722 0.073 3149.76 3116.97 0.034 0.005
29 3458.37 64.221 35.816 3668.61 3192.19 53.906 53.95



Resolution;

Date/Time;    2/6/2023 11:26:23 AM
No. of Scans;

Comment;
Glycerol

Apodization;
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Glycerol

No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 356.83 45.138 50.692 459.06 343.33 12.449 11.166
2 486.06 96.551 3.079 509.21 459.06 0.431 0.353
3 563.21 90.501 8.894 609.51 509.21 2.191 1.932
4 677.01 80.516 19.105 804.32 611.43 9.053 8.778
5 858.32 72.586 27.145 887.26 827.46 4.251 4.185
6 921.97 63.737 35.75 952.84 889.18 5.802 5.662
7 989.48 71.803 28.169 1008.77 954.76 3.972 3.942
8 1041.56 45.077 53.926 1082.07 1010.7 13.561 13.248
9 1112.93 56.401 43.52 1139.93 1083.99 6.815 6.796
10 1145.72 98.642 1.054 1151.5 1141.86 0.034 0.018
11 1205.51 78.696 21.145 1271.09 1166.93 5.692 5.594
12 1327.03 92.915 6.562 1355.96 1273.02 1.155 0.972
13 1421.54 67.489 8.746 1438.9 1357.89 8.546 2.323
14 1460.11 65.046 13.681 1506.41 1440.83 6.872 1.916
15 1529.55 99.266 0.426 1535.34 1521.84 0.025 0.009
16 1645.28 48.138 51.376 1749.44 1544.98 26.02 25.586
17 1761.01 98.804 0.709 1778.37 1751.36 0.089 0.036
18 1863.24 99.07 0.501 1878.67 1849.73 0.078 0.025
19 1913.39 99.449 0.163 1923.03 1897.95 0.051 0.009
20 2112.05 93.658 5.87 2268.29 2000.18 4.573 4.023
21 2353.16 97.454 1.742 2374.37 2339.65 0.236 0.13
22 2486.24 98.8 0.975 2547.97 2416.81 0.451 0.333
23 2638.62 97.64 1.452 2698.41 2588.47 0.794 0.366
24 2883.58 53.257 14.059 2908.65 2756.28 17.273 2.95
25 2939.52 50.807 22.5 3001.24 2910.58 16.367 6.496
26 3383.14 13.535 3.057 3396.64 3003.17 206.55 37.475



Resolution;

Date/Time;    2/6/2023 11:46:00 AM
No. of Scans;

Apodization;

500750100012501500175020002500300035004000
1/cm

60

70

80

90

100

%T
34

46
.7

9

30
99

.6
1

29
27

.9
4

28
87

.4
4

26
57

.9
1

24
66

.9
6

23
62

.8
0

22
60

.5
7

21
40

.9
9

20
67

.6
9

19
44

.2
5

18
69

.0
2

18
28

.5
2

17
72

.5
8

16
49

.1
4

15
16

.0
5

14
60

.1
1 14
23

.4
7

13
36

.6
7

12
44

.0
9

11
57

.2
9 11

12
.9

3

10
29

.9
9

92
1.

97

85
6.

39

76
3.

81

70
9.

80
67

3.
16

57
4.

79 52
2.

71

37
4.

19

No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 374.19 79.859 19.9 484.13 343.33 8.188 8.016
2 522.71 98.554 1.229 547.78 489.92 0.191 0.135
3 574.79 96.975 2.433 601.79 547.78 0.405 0.265
4 673.16 97.849 1.114 692.44 624.94 0.332 0.12
5 709.8 98.085 0.974 736.81 692.44 0.241 0.087
6 763.81 97.123 2.743 813.96 736.81 0.425 0.379
7 856.39 92.905 6.913 885.33 813.96 1.113 1.059
8 921.97 94.865 5.06 950.91 887.26 0.803 0.781
9 1029.99 84.125 15.708 1089.78 952.84 5.667 5.569
10 1112.93 96.966 2.747 1132.21 1091.71 0.307 0.257
11 1157.29 93.878 5.848 1190.08 1132.21 0.757 0.692
12 1244.09 99.281 0.407 1255.66 1220.94 0.062 0.04
13 1336.67 98.717 0.778 1355.96 1323.17 0.116 0.055
14 1423.47 95.297 1.542 1438.9 1371.39 0.853 0.239
15 1460.11 93.21 4.214 1494.83 1440.83 1.025 0.536
16 1516.05 98.795 1.176 1529.55 1494.83 0.098 0.099
17 1649.14 80.19 19.537 1762.94 1571.99 8.265 8.016
18 1772.58 99.421 0.249 1784.15 1764.87 0.034 0.009
19 1828.52 99.175 0.586 1853.59 1811.16 0.114 0.068
20 1869.02 99.086 0.568 1882.52 1853.59 0.075 0.031
21 1944.25 99.175 0.333 1961.61 1930.74 0.087 0.021
22 2067.69 95.348 0.541 2077.33 2000.18 1.069 0.225
23 2140.99 95.541 0.854 2231.64 2119.77 1.416 0.272
24 2260.57 99.402 0.673 2285.65 2231.64 0.051 0.065
25 2362.8 96.251 3.081 2389.8 2335.8 0.565 0.405
26 2466.96 98.663 1.675 2532.54 2389.8 0.38 0.612
27 2657.91 98.823 0.696 2702.27 2596.19 0.362 0.157
28 2887.44 91.018 1.139 2900.94 2765.92 3.06 0.394
29 2927.94 89.666 3.786 3003.17 2902.87 2.962 0.934
30 3099.61 99.907 0.139 3111.18 3078.39 -0.001 0.009
31 3446.79 66.272 33.679 3716.83 3192.19 58.778 58.687

Sampel MAT A. 34,9%



Resolution;

Date/Time;    2/6/2023 11:59:06 AM
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 372.26 77.9 21.398 468.7 343.33 8.231 7.958
2 482.2 99.295 0.324 489.92 468.7 0.05 0.02
3 526.57 94.731 2.761 547.78 489.92 0.849 0.314
4 574.79 91.827 4.371 601.79 547.78 1.377 0.469
5 603.72 96.046 0.217 638.44 601.79 0.359 0.05
6 671.23 98.858 1.226 690.52 638.44 0.095 0.117
7 711.73 97.205 2.665 736.81 690.52 0.302 0.272
8 763.81 94.709 4.996 817.82 736.81 0.795 0.697
9 856.39 92.495 7.374 883.4 819.75 1.116 1.075
10 923.9 93.512 6.262 950.91 885.33 0.99 0.933
11 1026.13 72.3 18.954 1070.49 952.84 10.613 6.785
12 1078.21 85.67 1.793 1132.21 1072.42 2.481 0.464
13 1157.29 88.498 11.107 1188.15 1134.14 1.38 1.288
14 1240.23 98.242 1.301 1284.59 1220.94 0.262 0.17
15 1338.6 99.32 0.835 1350.17 1319.31 0.032 0.05
16 1369.46 98.963 1.041 1390.68 1354.03 0.084 0.092
17 1425.4 94.989 2.16 1440.83 1390.68 0.714 0.274
18 1460.11 91.964 5.09 1494.83 1442.75 1.142 0.6
19 1516.05 98.232 1.63 1529.55 1494.83 0.15 0.126
20 1543.05 98.462 1.184 1554.63 1529.55 0.099 0.063
21 1649.14 79.773 20.082 1728.22 1579.7 7.279 7.188
22 1745.58 98.512 1.477 1761.01 1730.15 0.104 0.102
23 1774.51 99.034 0.651 1784.15 1764.87 0.054 0.028
24 1870.95 99.159 0.895 1886.38 1857.45 0.038 0.046
25 1921.1 99.412 0.474 1932.67 1903.74 0.037 0.028
26 2069.62 94.929 0.477 2077.33 1998.25 1.147 0.239
27 2140.99 95.047 1.15 2235.5 2113.98 1.7 0.365
28 2463.1 97.916 1.938 2601.97 2395.59 0.964 0.879
29 2659.84 99.082 0.608 2709.99 2601.97 0.28 0.146
30 2889.37 91.293 0.982 2900.94 2783.28 2.089 0.12
31 2929.87 89.207 4.567 3008.95 2902.87 2.888 0.991
32 3448.72 52.412 1.011 3558.67 3433.29 32.994 0.858

Sampel MAT. B 11,3%



Resolution;

Date/Time;    2/6/2023 12:12:31 PM
No. of Scans;

Comment;
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 389.62 79.286 19.7071 464.84 343.33 7.8579 7.4474
2 522.71 96.1741 3.9275 545.85 466.77 0.4189 0.4761
3 576.72 92.3328 5.5255 597.93 547.78 1.013 0.6138
4 669.3 98.8 0.9287 684.73 642.3 0.1249 0.086
5 711.73 95.1875 4.2678 736.81 684.73 0.6116 0.489
6 763.81 92.9484 6.6947 796.6 736.81 0.8441 0.7593
7 854.47 88.403 11.6316 885.33 815.89 1.7814 1.786
8 923.9 90.9925 8.9287 950.91 887.26 1.4115 1.3971
9 1024.2 70.898 20.4885 1070.49 952.84 11.6527 7.7851
10 1078.21 85.6719 1.7165 1126.43 1072.42 2.3055 0.3764
11 1157.29 85.784 13.5289 1188.15 1128.36 1.9324 1.7534
12 1240.23 97.8641 1.9488 1280.73 1220.94 0.2841 0.2575
13 1336.67 97.1858 1.5519 1352.1 1307.74 0.3432 0.1418
14 1365.6 97.5937 1.0278 1388.75 1352.1 0.2823 0.0841
15 1427.32 90.519 1.2457 1433.11 1388.75 1.1934 0.2172
16 1460.11 85.2019 8.8387 1498.69 1435.04 2.8271 1.3315
17 1647.21 56.3485 43.5261 1780.3 1546.91 25.9404 25.7809
18 1811.16 98.6485 0.3697 1830.45 1805.37 0.1013 0.0075
19 1867.09 97.8914 1.5256 1894.1 1830.45 0.3113 0.1482
20 1942.32 97.0052 1.2128 1998.25 1924.96 0.5372 0.1693
21 2083.12 85.0951 3.9653 2108.2 1998.25 5.6758 2.1037
22 2144.84 85.1534 4.2537 2245.14 2110.12 5.5504 1.1554
23 2360.87 96.0743 2.698 2389.8 2335.8 0.6815 0.3863
24 2472.74 92.9412 6.6036 2605.83 2403.3 3.527 3.1836
25 2650.19 96.9954 2.2632 2702.27 2605.83 0.8692 0.5358
26 2885.51 86.1934 1.4397 2897.08 2771.71 3.7779 0.1571
27 2927.94 84.2249 5.7445 3008.95 2899.01 4.8456 1.367
28 3028.24 98.8882 0.9374 3045.6 3008.95 0.1052 0.0787
29 3126.61 98.5582 1.1391 3145.9 3107.32 0.1467 0.0959
30 3566.38 35.3699 0.2623 3576.02 3545.16 13.8519 0.0556

Sampel MAT C 7,1%



Date/Time;    2/7/2023 2:16:43 PM
No. of Scans;
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 368.4 82.306 3.847 374.19 343.33 1.486 0.353
2 385.76 81.899 2.858 466.77 376.12 4.915 1.139
3 524.64 98.238 1.513 547.78 489.92 0.229 0.171
4 574.79 97.451 2.339 596 547.78 0.292 0.245
5 613.36 98.913 0.778 632.65 596 0.117 0.066
6 671.23 98.986 0.765 688.59 640.37 0.119 0.066
7 711.73 98.407 1.606 736.81 688.59 0.161 0.165
8 763.81 96.948 3.214 812.03 736.81 0.409 0.446
9 854.47 94.581 5.137 885.33 812.03 0.884 0.804
10 921.97 95.664 4.044 950.91 885.33 0.701 0.613
11 997.2 91.804 0.972 1002.98 950.91 1.061 0.143
12 1028.06 89.695 5.102 1068.56 1004.91 2.24 1.021
13 1112.93 97.128 2.088 1134.14 1093.64 0.33 0.195
14 1159.22 95 4.747 1188.15 1134.14 0.603 0.546
15 1242.16 99.313 0.75 1276.88 1220.94 0.067 0.088
16 1294.24 99.594 0.638 1327.03 1276.88 0.006 0.06
17 1340.53 99.691 0.511 1354.03 1327.03 0.007 0.031
18 1425.4 93.758 0.188 1427.32 1354.03 1.078 0.108
19 1462.04 92.349 3.551 1502.55 1442.75 1.297 0.443
20 1516.05 99.062 0.231 1531.48 1512.19 0.058 0.013
21 1649.14 81.062 18.751 1728.22 1573.91 6.984 6.858
22 1745.58 98.926 0.567 1757.15 1728.22 0.096 0.038
23 1797.66 98.654 0.79 1816.94 1786.08 0.115 0.051
24 1870.95 99.09 0.539 1888.31 1859.38 0.075 0.029
25 1946.18 98.982 0.415 1984.75 1930.74 0.16 0.042
26 2069.62 94.293 1.971 2110.12 1986.68 2.239 0.693
27 2146.77 94.345 1.339 2289.5 2112.05 2.237 0.32
28 2370.51 96.194 2.966 2395.59 2351.23 0.422 0.271
29 2472.74 97.661 1.972 2600.04 2397.52 1.236 0.903
30 2663.69 98.359 1.287 2789.07 2600.04 0.899 0.636
31 2924.09 90.557 6.465 3007.02 2864.29 3.446 1.787
32 3103.46 99.75 0.428 3149.76 3080.32 -0.007 0.06
33 3450.65 62.796 36.477 3707.18 3151.69 63.865 62.287

Sampel MAT D 0,0%



Resolution;

Date/Time;    6/21/2023 10:43:59 AM
No. of Scans;
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Apodization;
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 370.33 72.949 26.638 462.92 351.04 8.513 8.379
2 524.64 97.901 1.763 547.78 495.71 0.268 0.183
3 574.79 96.259 3.611 596 547.78 0.39 0.365
4 613.36 98.516 1.194 634.58 596 0.155 0.104
5 673.16 99.132 0.827 688.59 648.08 0.073 0.068
6 711.73 97.778 2.093 738.74 688.59 0.258 0.229
7 763.81 96.58 3.257 792.74 738.74 0.392 0.354
8 856.39 92.691 7.153 887.26 817.82 1.153 1.102
9 923.9 93.518 6.297 952.84 889.18 1.028 0.979
10 1028.06 76.92 22.931 1093.64 954.76 8.633 8.538
11 1112.93 96.792 3.124 1134.14 1095.57 0.285 0.269
12 1157.29 89.733 10.042 1188.15 1134.14 1.232 1.178
13 1240.23 98.583 0.694 1259.52 1219.01 0.186 0.062
14 1290.38 99.155 0.814 1309.67 1282.66 0.049 0.04
15 1336.67 99.124 0.94 1350.17 1309.67 0.077 0.077
16 1423.47 89.184 2.314 1438.9 1350.17 2.673 0.656
17 1460.11 87.075 4.811 1529.55 1440.83 3.044 0.865
18 1649.14 74.844 25.127 1728.22 1571.99 9.596 9.577
19 1743.65 99.3 0.594 1755.22 1728.22 0.05 0.038
20 1869.02 98.722 0.843 1888.31 1853.59 0.118 0.054
21 1944.25 98.088 0.895 1994.4 1926.89 0.335 0.11
22 2065.76 90.727 4.02 2112.05 1994.4 3.559 1.274
23 2144.84 91.101 2.466 2237.43 2113.98 3.054 0.636
24 2461.17 97.222 2.747 2519.03 2409.09 0.756 0.744
25 2655.98 96.674 3.41 2781.35 2519.03 1.995 2.091
26 2889.37 89.597 1.021 2899.01 2783.28 2.569 0.139
27 2929.87 86.826 5.788 3003.17 2900.94 3.749 1.294
28 3444.87 42.361 2.641 3703.33 3433.29 69.541 19.12

D1UV24
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Date/Time;    6/21/2023 10:25:24 AM
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Apodization;
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 372.26 82.185 17.596 424.34 352.97 3.168 3.11
2 476.42 99.472 0.194 489.92 457.13 0.061 0.015
3 524.64 98.672 0.919 543.93 489.92 0.206 0.112
4 574.79 96.183 2.16 594.08 543.93 0.532 0.219
5 605.65 97.382 0.71 648.08 594.08 0.368 0.079
6 677.01 98.977 0.568 690.52 648.08 0.107 0.045
7 709.8 98.809 0.801 734.88 690.52 0.148 0.081
8 763.81 97.795 2.084 804.32 734.88 0.334 0.293
9 856.39 94.314 5.454 887.26 815.89 0.933 0.858
10 921.97 95.679 4.241 954.76 887.26 0.7 0.676
11 995.27 92.617 1.737 1004.91 954.76 0.974 0.223
12 1037.7 88.645 7.604 1072.42 1006.84 2.351 1.276
13 1111 97.029 2.694 1136.07 1072.42 0.437 0.369
14 1157.29 96.211 3.799 1184.29 1136.07 0.382 0.396
15 1240.23 99.443 0.281 1263.37 1220.94 0.076 0.024
16 1429.25 91.788 1.255 1442.75 1330.88 2.487 0.519
17 1463.97 90.25 3.651 1531.48 1444.68 2.16 0.626
18 1653 83.857 16.133 1730.15 1546.91 5.632 5.634
19 1745.58 99.351 0.623 1762.94 1730.15 0.052 0.049
20 1805.37 98.932 0.813 1824.66 1788.01 0.108 0.067
21 1872.88 99.214 0.503 1888.31 1859.38 0.066 0.031
22 1948.1 98.77 0.503 1996.32 1932.67 0.195 0.052
23 2063.83 94.748 2.528 2112.05 1996.32 1.932 0.748
24 2148.7 95.05 1.62 2239.36 2113.98 1.664 0.378
25 2372.44 95.972 4.117 2401.38 2355.08 0.363 0.374
26 2472.74 97.361 2.595 2601.97 2401.38 1.192 1.163
27 2663.69 98.499 1.545 2789.07 2603.9 0.749 0.785
28 2889.37 94.065 0.611 2899.01 2789.07 1.45 0.116
29 2929.87 91.996 3.728 3007.02 2900.94 2.196 0.788
30 3421.72 58.688 41.189 3728.4 3008.95 89.413 89.045

D2UV48



Resolution;

Date/Time;    6/21/2023 10:35:22 AM
No. of Scans;
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No. Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
1 372.26 70.897 28.643 453.27 347.19 8.609 8.406
2 476.42 99.031 0.695 499.56 457.13 0.114 0.063
3 524.64 97.188 2.37 545.85 499.56 0.319 0.232
4 574.79 93.166 4.484 597.93 545.85 0.978 0.478
5 607.58 95.88 1.148 640.37 597.93 0.486 0.107
6 675.09 98.068 0.658 686.66 640.37 0.242 0.052
7 709.8 96.143 3.031 736.81 686.66 0.491 0.324
8 763.81 94.006 5.945 798.53 736.81 0.747 0.729
9 854.47 90.59 9.098 883.4 812.03 1.493 1.399
10 921.97 93.197 6.534 948.98 885.33 1.081 1.006
11 1024.2 76.158 23.671 1101.35 950.91 9.896 9.784
12 1114.86 98.06 1.76 1130.29 1101.35 0.15 0.127
13 1159.22 88.769 10.95 1186.22 1132.21 1.397 1.331
14 1242.16 98.469 1.19 1271.09 1222.87 0.193 0.122
15 1338.6 98.872 1.249 1352.1 1315.45 0.1 0.111
16 1375.25 98.226 1.139 1388.75 1352.1 0.164 0.093
17 1431.18 93.226 1.076 1438.9 1390.68 0.987 0.181
18 1463.97 90.075 6.004 1500.62 1440.83 1.676 0.799
19 1517.98 99.405 0.603 1529.55 1502.55 0.03 0.034
20 1653 78.3 21.035 1730.15 1550.77 8.441 7.931
21 1743.65 98.666 0.867 1764.87 1732.08 0.113 0.062
22 1845.88 99.157 0.62 1859.38 1815.02 0.119 0.085
23 1948.1 99.231 0.419 1982.82 1934.6 0.086 0.039
24 2071.55 94.868 1.778 2110.12 1982.82 1.874 0.581
25 2146.77 94.896 1.644 2241.28 2112.05 1.777 0.453
26 2372.44 94.2 5.675 2399.45 2353.16 0.56 0.519
27 2468.88 98.291 1.392 2528.68 2416.81 0.542 0.388
28 2573.04 99.502 0.202 2603.9 2528.68 0.136 0.039
29 2663.69 98.383 0.818 2709.99 2603.9 0.539 0.196
30 2893.22 88.899 0.382 2897.08 2783.28 2.666 0.093
31 2927.94 86.402 5.451 3005.1 2897.08 4.194 1.244
32 3452.58 64.281 12.124 3556.74 3147.83 47.302 14.461
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LAMPIRAN 
 

Pengujian Uji SEM (Scanning Electron 

Microscope). 
 

 

 

Laboratorium Microstruktur 

Fakultas Teknik Sipil 
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KARAKTERISASI PATI SAGU (Metroxylon SP) DALAM  

MENGEMBANGKAN MATERIAL BIOPLASTIK  

 

CHARACTERIZATION OF SAGO (Metroxylon SP) STARCH 

 IN DEVELOPING BIOPLASTIC MATERIALS 

 

 

BUDIAWAN SULAEMAN 

D043181001 

 

 

 

PROGRAM STUDI DOKTOR ILMU TEKNIK MESIN 

DEPARTEMEN TEKNIK MESIN 

FAKULTAS TEKNIK 

UNIVERSITAS HASANUDDIN 

GOWA 

2023 

  



KEMENTERIAN RISET, TEKNOLOGI DAN PENDIDIKAN TINGGI 
UNIVERSITAS HASANUDDIN 

FAKULTAS TEKNIK 
Jalan Poros Malino, Km.6 Gowa, 92171, Sulawesi Selatan 
 (0411) 586015, 586262    Fax (0411) 586015. 

http://eng.unhas.ac.id.   E-mail:teknik@unhas.ac.id 
 

Nomor :  13298/UN4.7.1/PT.01.04/2023                20 Juni 2023                    
Lamp. :  - 
Hal :  Permohonan izin Pengujian Material 
      

Yth     :  Kepala Laboratorium Microstruktur 
        Fakultas Teknik Sipil Universitas Muslim Indonesia 

       di 
       Tempat 

 
Dengan hormat, berdasarkan surat Ketua Program Studi S3 Teknik Mesin Fakultas Teknik 
Universitas Hasanuddin Nomor: 13223/UN4.7.8/PT.01.04/2023 tanggal 20 Juni 2023 tentang 
permohonan pengantar izin Pengujian Material Mahasiswa Program Doktor (S3) Teknik Mesin  
Fakultas Teknik Universitas Hasanuddin tersebut dibawah ini: 
 

  Nama    : Budiawan Sulaeman  
  Nomor Pokok   : D043181001 
  Program Pendidikan  : Doktor (S3) 
  Program Studi   : Teknik Mesin 

 

bermaksud melakukan Pengujian Material dalam rangka penyelesaian disertasinya. 
 

Sehubungan dengan hal tersebut kami mohon kebijaksanaan bapak/ibu kiranya berkenan 
memberi izin kepada yang bersangkutan. 
 

 

Atas perkenan dan kerjasamanya disampaikan terima kasih. 
 

a.n. Dekan 
Wakil Dekan Bidang Akademik dan Kemahasiswaan, 

 
 
 
 
 
 
 
     Dr. Amil Ahmad Ilham, S.T., M.IT 

NIP 19731010 199802 1 001 
Tembusan : 
1.  Dekan FT-Unhas; 
2.  Ketua Departemen Teknik Mesin;  
3. Ketua Program Studi S3 Teknik Mesin; 
4. Mahasiswa yang bersangkutan. 
 
 
 
 
 
 
 
 
 



 

 

Specimen A 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA - MAKASSAR 

 

 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

   



 

 

Specimen B 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA - MAKASSAR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Specimen C 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA - MAKASSAR 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Specimen D 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA - MAKASSAR 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

Pati Sagu Tawaro (STA) 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA - MAKASSAR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  



 

Pati Sagu Tawaroduri (STB) 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA - MAKASSAR 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Specimen D1UV24 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA – MAKASSAR 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

Specimen D2UV48 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA – MAKASSAR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

  



 

Specimen D2UV72 
Pengujian Pengujian Uji SEM (Scanning Electron Microscope)  

Labortorium Mikrostrur 

UNIVERSITAS MUSLIM INDONESIA – MAKASSAR 
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KARAKTERISASI PATI SAGU (Metroxylon SP) DALAM  

MENGEMBANGKAN MATERIAL BIOPLASTIK  

 

CHARACTERIZATION OF SAGO (Metroxylon SP) STARCH 

 IN DEVELOPING BIOPLASTIC MATERIALS 

 

 

BUDIAWAN SULAEMAN 

D043181001 

 

 

 

PROGRAM STUDI DOKTOR ILMU TEKNIK MESIN 

DEPARTEMEN TEKNIK MESIN 

FAKULTAS TEKNIK 

UNIVERSITAS HASANUDDIN 

GOWA 

2023 

  



KEMENTERIAN RISET, TEKNOLOGI DAN PENDIDIKAN TINGGI 
UNIVERSITAS HASANUDDIN 

FAKULTAS TEKNIK 
Jalan Poros Malino, Km.6 Gowa, 92171, Sulawesi Selatan 
 (0411) 586015, 586262    Fax (0411) 586015. 

http://eng.unhas.ac.id.   E-mail:teknik@unhas.ac.id 
 

Nomor :  13298/UN4.7.1/PT.01.04/2023                20 Juni 2023                    
Lamp. :  - 
Hal :  Permohonan izin Pengujian Material 
      

Yth     :  Kepala Laboratorium Mechanical 
        Politeknik ATIM Makassar 

       di 
       Tempat 

 
Dengan hormat, berdasarkan surat Ketua Program Studi S3 Teknik Mesin Fakultas Teknik 
Universitas Hasanuddin Nomor: 13223/UN4.7.8/PT.01.04/2023 tanggal 20 Juni 2023 tentang 
permohonan pengantar izin Pengujian Material Mahasiswa Program Doktor (S3) Teknik Mesin  
Fakultas Teknik Universitas Hasanuddin tersebut dibawah ini: 
 

  Nama    : Budiawan Sulaeman  
  Nomor Pokok   : D043181001 
  Program Pendidikan  : Doktor (S3) 
  Program Studi   : Teknik Mesin 

 

bermaksud melakukan Pengujian Material dalam rangka penyelesaian disertasinya. 
 

Sehubungan dengan hal tersebut kami mohon kebijaksanaan bapak/ibu kiranya berkenan 
memberi izin kepada yang bersangkutan. 
 

 

Atas perkenan dan kerjasamanya disampaikan terima kasih. 
 

a.n. Dekan 
Wakil Dekan Bidang Akademik dan Kemahasiswaan, 

 
 
 
 
 
 
 
     Dr. Amil Ahmad Ilham, S.T., M.IT 

NIP 19731010 199802 1 001 
Tembusan : 
1.  Dekan FT-Unhas; 
2.  Ketua Departemen Teknik Mesin;  
3. Ketua Program Studi S3 Teknik Mesin; 
4. Mahasiswa yang bersangkutan. 



Lampiran: Tabel pengukuran micrometer (0,001) ketebalan material bioplastik 

No SPC T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ē Tp 
Tegangan  

(σmax) 

Regangan  

(ɛmax) 
KET. 

1 A1 0,597 0,603 0,603 0,602 0,606 0,603 0,602 0,594 0,600 0,602 0,601 0,602 1,530 12,130 A1T10  

2 A2 0,607 0,609 0,609 0,612 0,610 0,613 0,611 0,610 0,610 0,614 0,611 0,607 0,900 6,120  A2T1 

3 A3 0,606 0,805 0,601 0,601 0,604 0,598 0,600 0,599 0,599 0,601 0,621 0,601 0,570 4,750  A3T3 

4 A4 0,600 0,597 0,596 0,600 0,604 0,605 0,610 0,614 0,616 0,613 0,606 0,600 1,750 9,220  A4T1 

5 A5 0,590 0,592 0,582 0,595 0,595 0,594 0,597 0,596 0,596 0,602 0,594 0,592 1,370 13,130  A5T2 

6 A6 0,605 0,600 0,595 0,601 0,606 0,603 0,603 0,599 0,595 0,603 0,601         

7 A7 0,601 0,601 0,603 0,599 0,598 0,595 0,594 0,595 0,596 0,598 0,598         

8 A8 0,601 0,599 0,593 0,592 0,596 0,593 0,596 0,595 0,602 0,605 0,597         

9 A9 0,597 0,594 0,593 0,594 0,596 0,595 0,605 0,596 0,596 0,598 0,596         

10 A10 0,597 0,602 0,599 0,596 0,596 0,593 0,596 0,593 0,604 0,626 0,600         

11 A11 0,596 0,595 0,597 0,595 0,595 0,596 0,596 0,595 0,594 0,596 0,596         

12 A12 0,595 0,594 0,593 0,595 0,593 0,593 0,594 0,592 0,592 0,601 0,594         

13 A13 0,601 0,598 0,596 0,596 0,596 0,598 0,600 0,598 0,598 0,599 0,598         

14 B1 0,641 0,637 0,641 0,643 0,639 0,637 0,642 0,637 0,634 0,635 0,639 0,635 2,520 12,030  B1T10 

15 B2 0,625 0,622 0,637 0,631 0,625 0,629 0,637 0,635 0,634 0,636 0,631 0,622 2,410 8,590  B2T2 

16 B3 0,637 0,636 0,634 0,635 0,627 0,631 0,630 0,633 0,629 0,625 0,632 0,635 2,590 12,710  B3T4 

17 B4 0,635 0,629 0,627 0,628 0,626 0,632 0,635 0,633 0,629 0,634 0,631 0,628 3,180 13,080  B4T4 

18 B5 0,645 0,632 0,634 0,636 0,635 0,640 0,640 0,640 0,644 0,643 0,639 0,636 3,180 15,970  B5T4 

19 B6 0,655 0,647 0,651 0,649 0,646 0,647 0,648 0,643 0,642 0,636 0,646         

20 B7 0,649 0,641 0,639 0,638 0,636 0,632 0,633 0,630 0,629 0,631 0,636         

21 B8 0,644 0,640 0,639 0,646 0,644 0,647 0,652 0,650 0,651 0,655 0,647         

22 B9 0,655 0,652 0,647 0,650 0,644 0,640 0,640 0,637 0,634 0,635 0,643         

23 B10 0,655 0,647 0,649 0,646 0,644 0,642 0,640 0,639 0,634 0,636 0,643         

24 B11 0,645 0,641 0,642 0,636 0,633 0,641 0,635 0,630 0,629 0,636 0,637         

25 B12 0,630 0,633 0,637 0,642 0,634 0,637 0,635 0,634 0,634 0,636 0,635         



26 B13 0,643 0,633 0,638 0,638 0,640 0,647 0,642 0,637 0,636 0,642 0,640         

27 B14 0,644 0,641 0,642 0,646 0,640 0,643 0,643 0,643 0,640 0,634 0,642         

28 B17 0,646 0,642 0,667 0,642 0,653 0,643 0,645 0,645 0,642 0,646 0,647         

29 C1 0,650 0,648 0,646 0,648 0,649 0,658 0,657 0,656 0,656 0,658 0,653       rusak 

30 C2 0,630 0,630 0,630 0,628 0,628 0,628 0,617 0,621 0,624 0,627 0,626 0,627 0,770 5,850 C2T9  

31 C3 0,628 0,623 0,624 0,621 0,621 0,626 0,630 0,630 0,630 0,633 0,627 0,624 1,740 9,250  C3T3 

32 C4 0,624 0,620 0,620 0,616 0,618 0,626 0,621 0,616 0,613 0,614 0,619 0,613 2,800 7,930  C4T8 

33 C5 0,630 0,632 0,624 0,632 0,632 0,634 0,625 0,623 0,622 0,632 0,629 0,630 2,580 12,380  C5T1 

34 C6 0,643 0,636 0,629 0,631 0,640 0,645 0,643 0,644 0,644 0,655 0,641 0,629 2,710 13,550  C6T3 

35 C7 0,661 0,655 0,653 0,650 0,648 0,651 0,645 0,636 0,643 0,655 0,650         

36 C8 0,646 0,649 0,644 0,643 0,640 0,642 0,637 0,625 0,639 0,638 0,640         

37 C9 0,649 0,649 0,649 0,652 0,651 0,656 0,653 0,649 0,649 0,652 0,651         

38 C10 0,648 0,646 0,650 0,650 0,653 0,656 0,657 0,656 0,654 0,657 0,653         

39 C11 0,654 0,654 0,647 0,646 0,646 0,646 0,645 0,639 0,640 0,646 0,646         

40 C12 0,654 0,654 0,654 0,655 0,654 0,662 0,661 0,660 0,659 0,655 0,657         

41 C13 0,647 0,644 0,645 0,645 0,646 0,648 0,641 0,640 0,636 0,637 0,643         

42 C14 0,644 0,640 0,640 0,637 0,655 0,657 0,655 0,650 0,645 0,646 0,647         

43 D1 0,633 0,633 0,636 0,636 0,632 0,635 0,635 0,633 0,633 0,631 0,634 0,633 1,500 2,920  D1T1 

44 D2 0,632 0,626 0,626 0,628 0,629 0,628 0,632 0,625 0,626 0,624 0,628 0,626 2,020 5,950  D2T3 

45 D3 0,625 0,626 0,625 0,627 0,626 0,631 0,636 0,634 0,634 0,633 0,630 0,625 2,350 10,000  D3T1 

46 D4 0,634 0,632 0,634 0,631 0,633 0,627 0,637 0,636 0,634 0,637 0,634 0,631 2,150 5,420  D4T4 

47 D5 0,634 0,636 0,636 0,638 0,638 0,646 0,645 0,644 0,645 0,645 0,641 0,645 2,500 12,660  D5T6 

48 D6 0,634 0,639 0,640 0,636 0,638 0,640 0,637 0,634 0,631 0,634 0,636         

49 D7 0,640 0,639 0,639 0,640 0,645 0,648 0,645 0,644 0,636 0,642 0,642         

50 D8 0,629 0,632 0,633 0,631 0,631 0,636 0,635 0,630 0,629 0,627 0,631         

51 D9 0,632 0,632 0,630 0,628 0,628 0,636 0,632 0,632 0,632 0,636 0,632         

52 D10 0,629 0,631 0,634 0,633 0,636 0,645 0,633 0,634 0,633 0,631 0,634         



53 D11 0,634 0,634 0,635 0,637 0,641 0,640 0,636 0,633 0,632 0,635 0,636         

54 D12 0,644 0,644 0,644 0,644 0,643 0,646 0,644 0,642 0,639 0,640 0,643         

55 D13 0,633 0,636 0,640 0,636 0,638 0,642 0,645 0,638 0,640 0,640 0,639         

 

Keternagan : 

Nilai terbesar/Maksimal 0,667 (B17T3), nilai tengah 0,629 (B2T6, B3T2, B3T9, B4T9, B11T9, C6T3, D2T5, D3T5, D8T1, D10T1) dan nilai 

terkecil/minimal 0,582 (A5T3). 

 

Perlakuan UV 

No Specimen T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ē 
Load  

(N) 

Strain  

(mm) 
KET. 

1 D1 

S
p
ec

im
en

 D
 

(0
.0

%
) 

5
 J

am
 0,633 0,633 0,636 0,636 0,632 0,635 0,635 0,633 0,633 0,631 0,634 1,530 12,165 D1T1 

2 D2 0,632 0,626 0,626 0,628 0,629 0,628 0,632 0,625 0,626 0,624 0,628 0,921 6,186 D2T3 

3 D3 0,625 0,626 0,625 0,627 0,626 0,631 0,636 0,634 0,634 0,633 0,630 0,570 5,912 Gagal  

4 D4 0,634 0,632 0,634 0,631 0,633 0,627 0,637 0,636 0,634 0,637 0,634 1,740 9,696 D4T4 

5 D5 0,634 0,636 0,636 0,638 0,638 0,646 0,645 0,644 0,645 0,645 0,641 1,370 13,403 D5T7 

6 D17 

U
V

  

2
4
 J

A
M

 0,644 0,641 0,642 0,646 0,640 0,643 0,643 0,643 0,640 0,634 0,642 4,194 10,893 D17 T7 

7 D18 0,661 0,655 0,653 0,650 0,648 0,651 0,645 0,636 0,643 0,655 0,650 4,217 9,280 D18T3 

8 D19 0,646 0,649 0,644 0,643 0,640 0,642 0,637 0,625 0,639 0,638 0,640 6,481 16,871 D19T9 

9 D25 

U
V

  

4
8
 J

A
M

 0,655 0,652 0,647 0,650 0,644 0,640 0,640 0,637 0,634 0,635 0,643 5,412 11,309 D25T9 

10 D26 0,655 0,647 0,649 0,646 0,644 0,642 0,640 0,639 0,634 0,636 0,643 7,933 14,124 D26T1 

11 D27 0,645 0,641 0,642 0,636 0,633 0,641 0,635 0,630 0,629 0,636 0,637 9,210 8,841 D27T9 

12 D21 

U
V

  

7
2
 J

A
M

 0,647 0,644 0,645 0,645 0,646 0,648 0,641 0,640 0,636 0,637 0,643 5,081 10,560 D21T4 

13 D22 0,640 0,639 0,639 0,640 0,645 0,648 0,645 0,644 0,636 0,642 0,642 7,508 12,710 D22 T2 

14 D24 0,629 0,632 0,633 0,631 0,631 0,636 0,635 0,630 0,629 0,627 0,631 6,923 12,996 D24T10 

 
 



BADAN PENGEMBANGAN SUMBER DAYA MANUSIA INDUSTRI 

POLITEKNIK ATI MAKASSAR 
LABORATORIUM PENGUJIAN MATERIAL DAN MESIN FLUIDA 

Jl. Sunu No.220, Suangga, Kec. Tallo, Kota Makassar, Sulawesi Selatan 90211 
 

LAPORAN HASIL UJI 
No. 09/Lab. Material-TMIA/BPSDMI/Poltek-ATIM/2023 

 

Informasi Pelanggan 

Nama Perusahaan/Pelanggan : Budiawan Sulaeman 

Alamat Lengkap : Jalan Toa Daeng V No. 3 Makassar 

No. Telp. /Email : 08124262598/ budiawan.sulaeman77@gmail.com 

 

Informasi Sampel 

Jenis Sampel : Pengujian Tarik Bioplastik Sagu 

Kondisi Saat Diterima  :  Baik dalam Kemasan 

Tanggal diterima  : 10 April 2023 

Tanggal Pengujian : 11 April 2023 

Tujuan : Kuat Tarik setiap sampel. 

 

Informasi Hasil Pengujian 

No Uraian 

Max. Force 

(Kuat Maks.) 

(N/mm2) 

Max. Disp 

(Regangan Maks.)  

(mm) 

Keterangan 

1 

Specimen A 

(34,9%) 0 Jam 

A1 1.530 12.165 0,300 mm/min 

2 A2 0.921 6.186 0,500 mm/min 

3 A3 0.570 5.912 0,500 mm/min 

4 A4 1.740 9.696 0,300 mm/min 

5 A5 1.370 13.403 0,300 mm/min 

6 

Specimen B  

(11,32%) 2 Jam 

B1 2.292 12.046 0,300 mm/min 

7 B2 1.693 6.044 0,300 mm/min 

8 B3 1.567 9.230 0,300 mm/min 

9 B4 1.600 6.133 0,300 mm/min 

10 B5 1.167 3.264 0,300 mm/min 

11 

Specimen C 

(7,11%) 4 Jam 

C1     Rusak 

12 C2 0.770 5.850 0,300 mm/min 

13 C3 2.177 12.718 0,300 mm/min 

14 C4 2.447 6.155 0,300 mm/min 

15 C5 2.474 12.717 0,300 mm/min 

16 C6 2.710 13.477 0,300 mm/min 

17 

Specimen D 

(0.0%) 5 Jam 

D1 3.061 13.316 0,300 mm/min 

18 D2 3.187 16.562 0,300 mm/min 

19 D3 2.262 10.029 0,300 mm/min 

20 D4 2.447 6.166 0,300 mm/min 

21 D5 2.568 12.65 0,300 mm/min 

 

Makassar, 13 April 2023 

Kepala Laboratorium Pengujian Material 

Politeknik ATI Makassar 

 

 

Enni Sulfiana, ST., MT. 

 NIP. 19880403 202012 2 001 
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BADAN PENGEMBANGAN SUMBER DAYA MANUSIA INDUSTRI 

POLITEKNIK ATI MAKASSAR 
LABORATORIUM PENGUJIAN MATERIAL DAN MESIN FLUIDA 

Jl. Sunu No.220, Suangga, Kec. Tallo, Kota Makassar, Sulawesi Selatan 90211 
 

LAPORAN HASIL UJI 
No. 10/Lab. Material-TMIA/BPSDMI/Poltek-ATIM/2023 

 

Informasi Pelanggan 

Nama Perusahaan/Pelanggan : Budiawan Sulaeman 

Alamat Lengkap : Jalan Toa Daeng V No. 3 Makassar 

No. Telp. /Email : 08124262598/ budiawan.sulaeman77@gmail.com 

 

Informasi Sampel 

Jenis Sampel : Pengujian Tarik Bioplastik Sagu 

Kondisi Saat Diterima  :  Baik dalam Kemasan 

Tanggal diterima  : 21 Juni 2023 

Tanggal Pengujian : 21 Juni 2023 

Tujuan : Kuat Tarik setiap sampel. 

 

Informasi Hasil Pengujian 

 

No Uraian 

Max. Force 

(Kuat Maks.) 

(N/mm2) 

Max. Disp 

(Regangan Maks.) 

 (mm) 

Keterangan 

1 

UV 24 Jam 

D18 4.220 5.420 0,300 mm/min 

2 D17 5.090 4.630 0,300 mm/min 

3 D19 6.490 8.280 0,300 mm/min 

4 

UV 48 Jam 

D25 12.110 6.320 0,300 mm/min 

5 D26 8.220 7.130 0,300 mm/min 

6 D27 9.230 4.360 0,300 mm/min 

7 

UV 72 Jam 

D21 5.080 5.330 0,300 mm/min 

8 D22 5.460 5.640 0,300 mm/min 

9 D24 7.090 6.400 0,300 mm/min 

 

Makassar, 26 Juni 2023 

Kepala Laboratorium Pengujian Material 

Politeknik ATI Makassar 

 

 

Enni Sulfiana, ST., MT. 

 NIP. 19880403 202012 2 001 
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PENGUJIAN CONTACT ANGLE 

 

 

 

Laboratorium Fisika 

Fakultas Matematika dan Ilmu Pengetahuan Alam  

UNIVERSITAS NEGERI MAKASSAR 

 

 

 

 

 

KARAKTERISASI PATI SAGU (Metroxylon SP) DALAM  

MENGEMBANGKAN MATERIAL BIOPLASTIK  

 

CHARACTERIZATION OF SAGO (Metroxylon SP) STARCH 

 IN DEVELOPING BIOPLASTIC MATERIALS 

 

 

BUDIAWAN SULAEMAN 

D043181001 

 

 

 

PROGRAM STUDI DOKTOR ILMU TEKNIK MESIN 

DEPARTEMEN TEKNIK MESIN 

FAKULTAS TEKNIK 

UNIVERSITAS HASANUDDIN 

GOWA 

2023 

  



KEMENTERIAN RISET, TEKNOLOGI DAN PENDIDIKAN TINGGI 
UNIVERSITAS HASANUDDIN 

FAKULTAS TEKNIK 
Jalan Poros Malino, Km.6 Gowa, 92171, Sulawesi Selatan 
 (0411) 586015, 586262    Fax (0411) 586015. 

http://eng.unhas.ac.id.   E-mail:teknik@unhas.ac.id 
 

Nomor :  13298/UN4.7.1/PT.01.04/2023                20 Juni 2023                    
Lamp. :  - 
Hal :  Permohonan izin Pengujian Material 
      

Yth     :  Kepala Laboratorium Microstruktur Jurusan Fisika 
        Universitas Negeri Makassar 

       di 
       Tempat 

 
Dengan hormat, berdasarkan surat Ketua Program Studi S3 Teknik Mesin Fakultas Teknik 
Universitas Hasanuddin Nomor: 13223/UN4.7.8/PT.01.04/2023 tanggal 20 Juni 2023 tentang 
permohonan pengantar izin Pengujian Material Mahasiswa Program Doktor (S3) Teknik Mesin  
Fakultas Teknik Universitas Hasanuddin tersebut dibawah ini: 
 

  Nama    : Budiawan Sulaeman  
  Nomor Pokok   : D043181001 
  Program Pendidikan  : Doktor (S3) 
  Program Studi   : Teknik Mesin 

 

bermaksud melakukan Pengujian Material dalam rangka penyelesaian disertasinya. 
 

Sehubungan dengan hal tersebut kami mohon kebijaksanaan bapak/ibu kiranya berkenan 
memberi izin kepada yang bersangkutan. 
 

 

Atas perkenan dan kerjasamanya disampaikan terima kasih. 
 

a.n. Dekan 
Wakil Dekan Bidang Akademik dan Kemahasiswaan, 

 
 
 
 
 
 
 
     Dr. Amil Ahmad Ilham, S.T., M.IT 

NIP 19731010 199802 1 001 
Tembusan : 
1.  Dekan FT-Unhas; 
2.  Ketua Departemen Teknik Mesin;  
3. Ketua Program Studi S3 Teknik Mesin; 
4. Mahasiswa yang bersangkutan. 
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FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM 

LABORATORIUM FISIKA 
Alamat : Jalan Mallengkeri Raya, Makassar 

Laman: https://fisika.fmipa.unm.ac.id/ 

 
 
 

LAPORAN HASIL PENGUJIAN 

CONTACT ANGLE 

Nomor Pengerjaan: VI-05 

 

 

Kepada Yth 

 Budiawan Sulaeman 

 

Nama Pengirim   : Budiawan Sulaeman 

Alamat/Universitas  : Universitasn Hasanuddin 

Tanggal Sampel Diterima : 20 Juni 2023 

E-Mail    : budiawan.sulaeman77@gmail.com 

No. Handphone   : 081242625598 

Nama Pengujian  : Contact Angle 

Tujuan Pengujian  : Analisis Sifat Hidrofobik Spesimen Bioplastik 

Dengan hormat, kami sampaikan bahwa hasil pengukuran contact angle untuk 4 sampel 

anda dengan kode sampel : D0, DU1V24, D2UV48, dan D3UV72 telah selesai pada 

tanggal 23 Juni 2023. Hasil pengujian dapat dilihat pada lampiran laporan ini 

Atas perhatian dan kerja sama yang baik, kami ucapkan terima kasih.  

 

 

 Makassar, 23 Juni 2023 

 Kepala Laboratorium Fisika UNM 

 

 

 

 

 Drs. Subaer, M.Phil.,Ph.D. 

      NIP. 19640414 1989 03 1 004 
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Lampiran: 

 

Do (Tanpa Perlakuan UV) 

Specimen D23 

DATA 1 

 

DATA 2 

 

DATA 3 

𝜽𝟏 = 𝟒𝟕. 𝟐𝟎𝟔° 

𝜽𝟐 = 𝟒𝟕. 𝟔𝟒𝟏° 
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𝜽 = |𝟒𝟕. 𝟒𝟐𝟓 ± 𝟎. 𝟐𝟏𝟗|° 

 

𝜽𝟑 = 𝟒𝟕. 𝟒𝟐𝟕° 
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D1UV24 (Perlakuan UV 24 Jam) 

Specimen D20 

DATA 1 

 

DATA 2 

 

DATA 3 

𝜽𝟏 = 𝟗𝟐. 𝟑𝟎𝟑° 

𝜽𝟐 = 𝟗𝟐. 𝟏𝟏𝟎° 
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𝜽 = |𝟗𝟐. 𝟏𝟖𝟒 ± 𝟎. 𝟏𝟏𝟗|° 

 

𝜽𝟑 = 𝟗𝟐. 𝟏𝟒𝟎° 
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D2UV48 (Perlakuan UV 48 Jam) 

Specimen D14 

DATA 1 

 

DATA 2 

 

DATA 3 

𝜽𝟏 = 𝟔𝟒. 𝟐𝟖𝟗° 

𝜽𝟐 = 𝟔𝟓. 𝟎𝟑𝟑° 
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𝜽 = |𝟔𝟒. 𝟓𝟖𝟐 ± 𝟎. 𝟒𝟓𝟏|° 

 

𝜽𝟑 = 𝟔𝟒. 𝟒𝟐𝟒° 



KEMENTERIAN PENDIDIKAN, KEBUDAYAAN, RISET, DAN TEKNOLOGI 

UNIVERSITAS NEGERI MAKASSAR 

FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM 

LABORATORIUM FISIKA 
Alamat : Jalan Mallengkeri Raya, Makassar 

Laman: https://fisika.fmipa.unm.ac.id/ 

 
 
 

Laboratorium Mikrostruktur Jurusan Fisika Universitas Negeri Makassar 2023 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DATA 1 DATA 3 

DATA 2 



KEMENTERIAN PENDIDIKAN, KEBUDAYAAN, RISET, DAN TEKNOLOGI 

UNIVERSITAS NEGERI MAKASSAR 

FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM 

LABORATORIUM FISIKA 
Alamat : Jalan Mallengkeri Raya, Makassar 

Laman: https://fisika.fmipa.unm.ac.id/ 

 
 
 

D3UV72 (Perlakuan UV 72 Jam) 

Specimen D11 

DATA 1 

 

DATA 2 

 

DATA 3 

𝜽𝟏 = 𝟏𝟐𝟐. 𝟓𝟗𝟏° 

𝜽𝟐 = 𝟏𝟐𝟑. 𝟕𝟎𝟕° 
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𝜽 = |𝟏𝟐𝟑. 𝟕𝟖𝟖 ± 𝟏. 𝟐𝟕𝟖|° 

𝜽𝟑 = 𝟏𝟐𝟓. 𝟎𝟔𝟔° 
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                                 14 Agustus 2023 

Nomor  :  017/UN4.7.8/S3-TM/PP.26/2023 

Lamp.  :  - 

Perihal  : Pengujian Material 

  

Kepada Yth. 

Kepala Laboratorium Mikrobiologi Fak Kedokteran UNHAS 

di  

Makassar 

 

Dengan hormat, 

Bersama ini kami sampaikan bahwa Mahasiswa Program Doktor (S3) Teknik Mesin Universitas 

Hasanuddin an. Budiawan Sulaeman/D043181001 mengajukan permohonan untuk melakukan 

Pengujian Material di Laboratorium Mikrobiologi Fak Kedokteran UNHAS dengan judul 

Disertasi Karakterisasi Sagu (metroxlylon SP.) dalam mengembangkan Material Bioplastik. 

 

Demikian penyampain kami, atas bantuan dan kerjasamanya diucapkan terima kasih. 

 

 

       Ketua Program Studi S3 Teknik Mesin 

 

 

 

      Dr. Eng. Andi Amijoyo Mochtar, ST., M.Sc 

NIP. 19760216 201012 1 002 
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1. Introduction

Plastic packaging protects, preserves, and attracts custom-
ers [1]. Petrochemical-based plastics are becoming more preva-
lent, causing environmental issues. Petrochemical plastics are a 
social issue due to an ecological crisis [2]. Researchers are seek-
ing renewable, sustainable alternatives to non-organic materi-
als. Bioplastics are exciting alternatives to traditional polymers 
since they decompose quickly [1–3]. Biodegradable materials 
could solve plastic waste’s environmental problems. The natural 
breakdown of these items meets packaging and product pro-
tection requirements, making them environmentally friendly. 
Innovation in non-petroleum materials improves sustainabili-
ty [4]. Renewable materials are essential for lowering fossil fuel 
use and plastic production’s environmental impact.

Conservation and environmental awareness have grown 
in recent years. Understanding this subject has changed our 
view of materials and their environmental impact. This global 
issue could be solved using biodegradable polymers instead of 
synthetic polymers in industrial applications and packaging [5]. 
Biodegradable polymers revolutionized material science and 
sustainability. Some polymers are made from biodegradable 
polysaccharides, complex carbohydrates, and proteins [6–9]. 
This distinguishes them from standard synthetic polymers, 

which can pollute for years. Renewable polysaccharides and 
proteins help reduce plastic waste’s environmental impact. The 
promotion of sustainable behavior helps the circular economy. 
A closed-loop system of natural sources, function, and break-
down makes biodegradable polymers a sustainable solution. 
Developing and using biodegradable polymers demonstrates a 
dedication to reducing industrial and packaging waste.

Tawaro’s sustainable sago starch could revolutionize 
bioplastic manufacture by improving biodegradability [10]. 
Starch’s ability to form strong, flexible sheets makes it a 
promising bioplastic material. This alternative is chosen for 
its film-forming capabilities, cost-effectiveness, widespread 
availability, and renewable properties. These qualities make 
it a promising sustainable material development alternative. 
Biodegradable films contain lipids, proteins, fibers, and poly-
saccharides. Starch-based films have succeeded more than 
others. Potatoes, rice, corn, taro, and root tuber starches are 
used to make these films. These films show the many uses of 
starch as a bioplastic precursor. Starch makes up about 50 % 
of commercial biodegradable plastics [11].

Bioplastics constructed from different starches have been 
thoroughly investigated, revealing many sustainable materi-
al possibilities. Characterization investigations for jackfruit 
seed bioplastics are an example. These investigations examine 

Copyright © 2023, Authors. This is an open access article under the Creative Commons CC BY license
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Sustainable bioplastics made from Tawaro sago starch 
are investigated in the study. This study is motivated by 
the global need to lessen the environmental impact of petro-
leum-based polymers and discover greener alternatives. 
Tawaro sago starch’s amylose concentration, moisture 
levels, and ecologically friendly qualities are examined in 
the study. It carefully blends sago starch, glycerol, and an 
acetic acid and water activator solution to create a bio-
plastic. The study will examine these bioplastics’ chemical 
composition, crystalline structure, mechanical properties, 
and reactions to UV radiation and microbial development. 
Researchers and developers are interested in sago starch, 
a staple meal in Palopo City, South Sulawesi Province, 
Indonesia, as a sustainable material. Sago starch is advan-
tageous due to its renewable nature and eco-friendly prop-
erties. XRD, mechanical characteristics, and microbio-
logical development in sago bioplastic are examined in the 
study, providing valuable insights. Tawaro sago bioplas-
tic has no heavy metals, according to XRD. The mechan-
ical characteristics have improved significantly, reaching 
2,867 N/mm2. A 48-hour UV radiation exposure within lim-
itations changed the chemical chain, causing the improve-
ment. Furthermore, bacteria grow swiftly on sago bioplas-
tic. This research promotes sago-based bioplastics as an 
eco-friendly alternative to traditional plastics, promoting 
environmental sustainability. This research supports the 
global drive to create eco-friendly materials. Using Tawaro 
sago starch, creative solutions for a greener, more sustain-
able future are possible, with bioplastics offering a compel-
ling alternative to existing plastics and lowering their envi-
ronmental impact

Keywords: X-ray diffraction, tawaro starch, ultravio-
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the special features of glycerol-plasticized bioplastics [12]. 
Bioplastic composite production and characterization have 
advanced. A good example is starch and empty fruit bunches 
supplemented with epoxidized oils. According to [13], the 
text’s combination was meticulously designed and outlined. 
As a reinforcing component in starch-based bioplastic films, 
Chitosan has received interest due to its potential to improve 
mechanical characteristics and performance. Chitosan-rein-
forced starch-based bioplastics have been extensively studied 
for their mechanical parts. This research has illuminated 
these materials’ applicability and durability [14]. It is essential 
to acknowledge that the utilization of sago starch for bioplas-
tic production remains an area with limited research con-
ducted thus far. Additional research is required to investigate 
the progress and potential of utilizing sago starch as a raw 
material for producing environmentally friendly bioplastics. 
Therefore, research to develop ecologically friendly bioplas-
tics based on sago starch is still relevant.

2. Literature review and problem statement

Bioplastics have come to the forefront in recent years 
due to their promise to reduce the adverse environmental 
effects caused by traditional plastics made from petroleum. 
These renewable resource-based substitutes provide a green-
er alternative to conventional plastics manufacturing. The 
Tawaro sago palm (Metroxylon sp.) yields a starch that 
shows promise as a raw material for bioplastics. Traditional 
cuisines in Indonesia frequently use sago starch, which may 
be abundant in places like Palopo City in South Sulawesi 
Province [15]. However, its use in bioplastics can increase 
the resource’s value while reducing plastic waste. Numerous 
important characteristics and properties of sago-based bio-
plastics have been investigated. The bioplastic features are 
affected by several factors, such as the amylose content, the 
moisture content, and the contaminants in sago starch.

The study in [2] emphasizes developing sustainable natu-
ral bioplastics. This strategic approach emphasizes the need 
to lessen our dependence on finite fossil fuels and address 
the environmental impacts of traditional plastics. The study 
addresses plastic pollution by studying biodegradable bio-
plastics. This family of materials has the advantage of spon-
taneously degrading, leaving small ecological footprints. 
Thus, biodegradable bioplastics may help fragile ecosystems 
from plastic trash. The study examines bioplastics’ ability 
to meet food packaging’s strict functional requirements. 
This multidimensional challenge requires good performance 
and durability. The study emphasizes bioplastics’ potential 
to improve food safety and longevity by preserving food. 
Despite this hope, the study highlights careful verification. 
Researchers must determine if bioplastics can compete with 
conventional polymers in various dimensions. Shelf life, 
barrier properties, and structural robustness are essential. 
These studies will ensure that bioplastic-packaged food is 
safe and well-preserved from manufacture to consumption.

The review in [4] thoroughly evaluates the bioplastic and 
mix recycling studies. It objectively evaluates the strengths and 
weaknesses of this crucial sustainable materials research topic 
to provide a balanced perspective. The review goes beyond 
bioplastics to examine a wider range of materials. Bioplastics, 
their mixtures, and biocomposites are included. The assess-
ment acknowledges the recycling landscape’s complexity and 
its many difficulties and potential by evaluating this variety 

of materials. The text emphasizes the practical importance of 
understanding recycled bioplastics’ real-world ramifications 
and prospective applications. However, one must examine how 
these materials interact with recycling processes to understand 
this topic. A more extensive investigation of how bioplastic 
blends and biocomposites affect recycling operations and recy-
cled material quality and efficiency will greatly improve our un-
derstanding. Detailed examples of successful submissions will 
further enhance the review. These case studies could show how 
recycled bioplastics have been integrated into various sectors 
and prove their practicality. Furthermore, detailed market re-
search should examine recycled bioplastics’ current and future 
potential in numerous sectors. This research should evaluate 
market demand, pricing dynamics, and competition to inform 
industry stakeholders and policymakers. While emphasizing 
bioplastic recycling’s economic viability, a cost-benefit analysis 
of different recycling methods is helpful. This could help find 
and promote the most cost-effective recycling techniques.

The review in [7] explores starch-based bioplastics with 
fiber and nanoparticles. Its main goal is to study these in-
creased bioplastics’ properties and biodegradability. This 
broad analysis examines starch-based bioplastics’ mechanical, 
thermal, and barrier properties. This holistic approach recog-
nizes the complexity of these materials and that their practical 
applications frequently depend on a careful balance of their 
properties. Notably, the review addresses biodegradation per-
formance. Given the increased emphasis on sustainability and 
environmental responsibility, starch-based bioplastics’ biode-
gradability is crucial. The review’s attention to this essential 
aspect shows a holistic approach to assessing these products. 
Several factors could improve the review’s impact and acces-
sibility. First, knowing the audience can help customize ma-
terial. Tailoring the review to researchers, policymakers, and 
industry experts’ requirements and viewpoints may improve 
its relevance and usefulness. Quantitative data and com-
parative analysis across research projects can also improve 
comprehension and usability. Using such data, users can draw 
conclusions and make informed judgments on starch-based 
bioplastics. Testing conditions affect biodegradation efficacy, 
so consider these. Addressing these variables and exploring 
biodegradation evaluation methodologies in the review would 
help readers grasp the subject better.

The study [9] analyzes how glycerol and clay nanoparticles 
affect biodegradable films made from cassava starch. This re-
search goal emphasizes a dedication to eco-friendly packaging 
materials. The careful selection of materials and components 
makes this research stand out. The systematic use of glycerol 
as a plasticizer and clay nanoparticles as a reinforcing agent 
shows a comprehensive strategy for studying biodegradable 
films. This purposeful choice enables extensive film property 
study and sets a precedent for sustainable materials with 
improved qualities. This study evaluates mechanical prop-
erties, particularly tensile strength and elongation at break. 
These characteristics largely determine the film’s mechanical 
performance. Understanding these films’ stress and strain 
behavior is crucial, especially for packaging, where durability 
and flexibility are crucial. A complete approach is needed for 
informative and replicable research. Everything from clay 
nanoparticle preparation to film casting should be covered. 
Documenting outcomes helps researchers reproduce them and 
uncover and fix inconsistencies. Statistical analysis improves 
study rigor. These evaluations estimate the relevance of ten-
sile property differences between formulations. Statistical 
validation gives research objectivity and credibility.
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In the extensive study [16], waste fatty acids are convert-
ed into marketable bioplastics and smoothly integrated into a 
dark-fermentative hydrogen production process. A multifacet-
ed study addresses two major environmental issues: fatty acid 
waste management and sustainable bioplastics. One of the 
most remarkable parts of this work is its creative usage of Ba-
cillus tequilensis for specific applications. This choice involves 
a targeted use of waste fatty acids for bioplastic synthesis. To 
understand why Bacillus tequilensis was chosen over other 
microbial strains, the study must explain why. Which traits or 
talents make this strain ideal for the job? This selection’s ratio-
nale and future study directions could be illuminated by such 
insights. Besides bioplastic synthesis, the study emphasizes 
dark-fermentative hydrogen generation from a holistic and re-
source-efficient approach. The integrated method maximizes 
waste material utility and minimizes environmental effects. 
The study could provide real-world examples of bioplastics 
and dark-fermentative hydrogen generation’s uses and benefits 
to make the findings more realistic and applicable. Displaying 
how these new techniques might be used in diverse sectors or 
applications may increase acceptance and influence.

The study [17] aims to evaluate the effects of bentonite on 
yam extensively starch-based biodegradable bioplastic films. 
This study’s target is clear and serves a specific need-improving 
yam-starch-based biodegradable films for food packaging. One 
of this study’s highlights is its purposeful use of yam starch for 
bioplastic synthesis. Yam starch, a renewable natural resource, 
shows a dedication to sustainability in materials selection. This 
choice supports the global push to use sustainable bioplastic 
materials and reduce environmental impact. The study’s ap-
proach goes beyond bentonite inclusion. It examines bioplastic 
sheets’ mechanical and barrier properties. This comprehensive 
study understands that bioplastic film performance in prac-
tical applications depends on a complex balancing of various 
properties. Contextualizing the study within the sustainability 
landscape would improve its effect and utility. The study can 
emphasize its importance by relating it to global environmental 
and food packaging concerns. Additionally, it would be insight-
ful to study yam starch’s particular properties and discuss why 
it was chosen as the major material.

Despite the promising prospects of sago-based bioplastics, 
there is a need for a comprehensive characterization of these 
materials to optimize their production and application. Exist-
ing research has focused on specific aspects, such as chemical 
composition, crystalline structure, and mechanical properties, 
but a holistic understanding is lacking. Researchers are study-
ing polar polymers, including polysaccharides and proteins, 
as biodegradable plastic alternatives to synthetic polymers. 
The development of degradable polymers is a significant step 
forward and environmentally favorable. Because they are re-
newable, these polymers may be used efficiently [18]. Tawaro 
sago starch, from Palopo, is a polysaccharide [15]. However, 
polysaccharide-based bioplastics have temperature resistance 
and material elongation issues [19, 20]. Further study is need-
ed to address these constraints.

Thus, this study follows the SNI standard [21], which 
requires X-ray diffraction (XRD) to detect heavy metals 
in polar polymers before and after their conversion into 
biodegradable plastic sheets for packaging products. The 
study will also test bioplastics for UV resistance using 
ASTM D5208 UV radiation exposure. ASTM D822 mate-
rial elongation testing is also planned. The project also seeks 
to test polymer materials’ fungus resistance by assessing 
antibacterial characteristics using ASTM G21.

3. The aim and objectives of the study

The aim of the study is to identification the feasibility 
of utilizing sago starch (Metroxylon sp) from the Tawaro 
variety, sourced from Palopo City in South Sulawesi Prov-
ince, Indonesia, as a primary material for environmentally 
friendly bioplastics.

To achieve this aim, the following objectives are accom-
plished:

– to identify the heavy metal content in sago starch and 
after processing it into bioplastic sheets using the X-ray Dif-
fraction (XRD) method;

– to determine the mechanical properties of sago starch 
after its transformation into bioplastic sheets;

– to observe the proliferation of microorganisms on the 
surface of sago bioplastic specimens.

4. Materials and methods of experiment

4. 1. Object and hypothesis of the study
The object of the study is properties and characteristics of 

bioplastics made from Tawaro sago starch. This research aims 
to investigate these bioplastics’ structural, mechanical, and 
environmental characteristics, specifically in relation to their 
potential use in environmentally friendly packaging. The study 
thoroughly examines the mechanical properties displayed by 
bioplastics made from sago. The analysis involves evaluating 
the subject’s tensile strength, elongation at break, and modulus 
of elasticity under various conditions. The focus is examining 
how these mechanical attributes may change in response to ex-
ternal factors, specifically exposure to ultraviolet (UV) light.

The utilization of Tawaro sago starch in the production of 
bioplastics results in materials with advantageous structural, 
mechanical, and environmental characteristics. These proper-
ties render them well-suited for use in eco-friendly packaging 
applications. The bioplastics are anticipated to exhibit struc-
tural stability, improved mechanical strength, resistance to UV 
degradation, reduced vulnerability to microbial growth, and a 
biodegradable nature. As a result, they meet the requirements 
for sustainable packaging materials. The hypothesis proposes 
that Tawaro sago starch-based bioplastics could fulfill the 
demanding criteria of environmentally conscious packaging 
in today’s world while providing beneficial characteristics in 
multiple aspects. The study seeks to evaluate and confirm this 
hypothesis by thoroughly analyzing these bioplastics.

The research assumes that bioplastics made from Tawaro 
sago starch demonstrate biodegradability and eco-friend-
liness. This foundational premise drives the exploration of 
their potential as environmentally sustainable materials for 
packaging. Moreover, it suggests that the structural integrity 
of bioplastics made from Tawaro sago starch remains intact 
even when subjected to external factors such as UV radia-
tion. The foundational assumption is crucial for studying the 
mechanical characteristics and resistance to UV-induced 
degradation. In addition, the study is based on the premise 
that Tawaro sago starch is easily obtainable and can be used 
as a sustainable and renewable resource for the production 
of bioplastics. This assumption is crucial when assessing this 
resource’s practicality and potential for growth.

The research may have been conducted in controlled 
environmental conditions to isolate specific factors, thereby 
reducing the influence of external elements on the properties 
of bioplastics. This approach facilitates a clearer understand-
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ing of the inherent characteristics of the materials. The study 
likely chose standardized testing conditions and procedures 
to make the characterization process more efficient. Although 
the simplification ensures consistency and facilitates result 
comparison, it may not fully reflect real-life scenarios. The 
investigation likely focused on short intervals of UV radiation 
exposure and microbial growth to expedite data collection. 
The simplification may fail to account for long-term degrada-
tion or the wider range of environmental impacts.

4. 2. Material
The Tawaro variety of sago trees, which are scientifically 

referred to as Metroxylon sp and can be found in the pic-
ture-perfect location of Palopo City, South Sulawesi Prov-
ince, Indonesia, provided the source of the sago starch that 
was used in this pioneering research attempt. This starch 
served as the primary structural component. This specific 
sago starch was an excellent contender for creating bio-
plastic since it had an amazing amylose content of 36.49 % 
and a moisture level that was flawlessly dry at 0.0 %. The 
concept of precise hand layup was the methodology that 
was utilized in the process of producing these extraordinary 
specimens. A specific combination of materials was needed 
for this purpose. Eight grams of Tawaro sago starch, three 
milliliters of glycerol, and forty-six milliliters of an activator 
solution were expertly mixed. This activating solution was 
painstakingly prepared by carefully combining 2 % volume/
weight acetic acid (CH3COOH) with distilled water. The 
formulation was ingenious.

Fig. 1 illustrates the step-by-step process of bioplastic 
production, beginning with the primary raw material of sago 
and concluding with a series of thorough tests to evaluate 
the bioplastic’s quality and performance. The first step of 
this complex process involves the production of the bioplas-
tic material. The primary ingredients in this formulation 
are sago starch, acetic acid, glycerol, and pure water. The 
deliberate combination of these elements demonstrates a 
meticulous approach, establishing the groundwork for the 
following phases. The mentioned phase highlights the inten-
tional adoption of sustainable and environmentally friendly 

materials in the production of bioplastics. This aligns with 
the principles of responsible and green manufacturing. 

After the formulation stage, the bioplastic is subjected 
to a critical drying process. The utilization of an oven is 
a dependable technique for eliminating moisture, which 
guarantees that the bioplastic achieves the intended texture 
and strength. The drying phase plays a critical role in the 
production process, as it is crucial for successfully preparing 
the bioplastic material for further use and testing. After the 
completion of the oven process, the bioplastic is ready for 
a series of quality assessments. The tests are essential for 
assessing the bioplastic’s performance and characteristics. 
The evaluation of the elastic modulus is one of the mentioned 
assessments. It offers insights into the material’s elasticity 
and flexibility. XRD analysis is a technique that examines 
the crystalline structure of the bioplastic, providing insights 
into its molecular arrangement and properties. Moreover, 
the process of microbial growth testing involves a thorough 
examination of the bioplastic surface to identify any possible 
interactions with microorganisms. This aspect holds signif-
icant importance, particularly in applications such as food 
packaging.

The enchantment took place at a temperature of 70 de-
grees Celsius under strict control, where these components 
were continuously mixed with diligence until they reached 
a harmonic and consistent consistency. This impeccable 
combination of sago starch, glycerol, and the activator solu-
tion was the basis for a sago bioplastic specimen that would 
significantly contribute to the field. It was necessary to use 
a glass mold with an exact thickness of 0.6 millimeters to 
give this homogenous slurry a form that could be touched. 
The potential of an eco-friendly bioplastic was captured 
in this mold, which acted as a crucible for invention. After 
being meticulously positioned inside this mold, the material 
underwent a transformation process by being dried out for 
one hour at a temperature of one hundred and ten degrees 
Celsius. This crucial stage of the manufacturing process re-
sulted in the construction the extraordinary sago bioplastic 
specimen, which paved the path for a sustainable and envi-
ronmentally conscientious future.

Fig.	1.	The	process	of	making	and	testing	sago	bioplastic	material
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4. 3. Methods and sample testing
The application of the X-ray Diffraction (XRD) technol-

ogy in our research played an essential part in the character-
ization and identification of heavy metal content within the 
sago starch, both before and after the transformative process 
into bioplastic sheets. This was the case both before and after 
the bioplastic sheets were formed. Because of our analytical 
method, it is possible to investigate the structural features 
of the material in great detail, which assisted in accurately 
determining its composition and purity.

After this, our inquiry assessed the bioplastic material’s 
resilience to the potentially damaging effects of UV radia-
tion exposure under the stringent requirements out-
lined in ASTM D5208. This standardized testing 
showed that our bioplastic sheets exceeded the cri-
teria for durability, confirming that they are suitable 
for various applications in which they might be ex-
posed to sunlight and other environmental stressors.

To assess the material’s mechanical qualities, 
particularly its elongation capability, let’s resort 
to the well-respected standards established by the 
ASTM D822 committee. As a result of these exper-
iments, it is possible to quantify how well our sago 
bioplastic could endure stretching and deformation, 
which provided with vital insights into its flexibility 
and potential utility in practical applications.

To determine the bioplastic material’s level of 
microbiological resilience, let’s subject it to a series 
of tests that adhered to the standards set forth by 
the ASTM G21. These tests simulated the presence 
of pathogenic bacteria and fungi. This aspect of our 
research highlighted the significance of the mate-
rial’s physical characteristics and its capacity to 
preserve its integrity in the face of microbiological 
challenges. As a result, the material is an all-around 
and versatile solution that can be utilized in various 
contexts.

In a nutshell, the path taken in our research 
has been defined by a dedication to conducting 
exhaustive tests and adhering to standards that are 
considered standard in the industry. It has received 
valuable insights into the heavy metal content, UV 
resistance, mechanical characteristics, and microbi-
ological resistance of sago bioplastic through utiliz-
ing the XRD method, ASTM D5208, ASTM D822, 
and ASTM G21 standards. This multifaceted strate-
gy guarantees that our bioplastic products meet and 
surpass the requirements for quality, performance, 
and sustainability.

5. Results of the experiment using Tawaro 
environmentally friendly sago starch as a sago 

bioplastic

5. 1. Results of X-ray diffraction (XRD) of 
sago starch and sago bioplastic

The X-ray diffraction (XRD) analysis provided 
valuable insights into the structural composition 
of both Tawaro starch samples and the subsequent 
Bioplastic specimens. This analysis revealed var-
ious phases that were produced throughout the transfor-
mation process. Fig. 2, a depicts the diffractogram of the 
Tawaro starch sample, wherein several peaks are observed, 

each corresponding to distinct crystalline phases. The 
presence of the α-amylose phase was seen, as evidenced by 
different peaks at 2θ angles of 15.32°, 17.08°, 17.84°, 22.92°, 
and 25.19°. The observed phase displayed clearly defined 
crystal planes identified as (020), (013), (121), (123), 
and (024). The compound possessed the chemical formula 
(C6H8O4) and displayed an orthorhombic crystal struc-
ture, which closely matched the information obtained from 
The International Centre for Diffraction Data (ICDD) 
database entry #00-043-1858. The discovery mentioned 
above highlights the high purity and structural stability 
level exhibited by the α-amylose phase in Tawaro starch.

The Amylopectin phase, which exhibited peaks at 2θ an-
gles of 15.32°, 19.56°, and 22.92°, was distinguished by its 
chemical formula (C6H10O5), which closely matched the 

Fig.	2.	Diffractogram	of:	a –	Tawaro	starch;	b – bioplastic	specimens
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data obtained from the ICDD database entry #00-052-2248. 
This phase is considered notable. This particular phase plays 
a crucial role in the overall structure of starch, hence making 
significant contributions to its distinctive characteristics. 
Nevertheless, impurity phases were identified inside the 
Tawaro starch samples amidst the clearly characterized 
phases. The identification of these impurities was conducted 
with great attention to detail, and they were determined 
to be P2O5 and Periclase (Mg2O4) based on data obtained 
from the Crystallography Open Database (COD) entries  
#96-231-1014 and #96-901-3251, respectively. The exis-
tence of these contaminants has prompted thought-provok-
ing inquiries regarding their source.

The analysis of data from the ICDD#00-043-1858 and 
ICDD#00-052-2248 databases, as presented in Fig. 2, b, has 
provided valuable insights into the structural properties of the 
Tawaro starch and bioplastic samples, enhancing our under-
standing of these materials. The databases played a crucial role 
in helping to identify and verify the crystalline phases present 
in our samples. Upon further investigation, it is worth noting 
that, in addition to the primary α-amylose and Amylopectin 
phases, there were noticeable impurity phases originating from 
Tawaro starch. The presence of impurities, specifically P2O5 
and Periclase (Mg2O4), was easily identifiable. This observa-
tion aligns with the information obtained from the COD data-
base entries #96-231-1014 and #96-901-3251, confirming these 
impurities’ presence. The discovery highlighted the intricate 
relationship between environmental factors and the makeup of 
Tawaro starch, prompting the need for additional research on 
the causes and effects of these contaminants.

The discovery of the 14-phenyl-3, 13-dioxanonacyc-
lo nonadec-9-1 (C92H80O12) phase, observed at angles of 
2θ 30.58° and 33.94°, is highly fascinating. The presence of 
this distinct phase was discovered to align with the data ob-
tained from the COD entry #96-402-6080. The unique as-
pect of this discovery lies in its origin, as it emerged from the 
interactions between glycerol, acetic acid, and sago starch. 
The finding highlights the ever-changing nature of the bio-
plastic synthesis process. The combination of glycerol, acetic 
acid, and sago starch created a fascinating phase, which pres-
ents opportunities for further investigation into the under-
lying mechanisms that drive its formation. Comprehending 
these interactions is crucial for customizing the production 
process to optimize the characteristics and effectiveness of 
sago-based bioplastic materials for particular uses.

The presence of contaminants in Tawaro starch is hy-
pothesized to originate from groundwater or the sago tree’s 
pith. During the extraction process, it is plausible that these 
contaminants may be assimilated by the sago starch, ulti-
mately becoming included in the makeup of the substance. 
The discovery presented in this study provides opportuni-
ties for additional research on the origins and consequences 
of these contaminants since they could potentially impact 
the characteristics and uses of bioplastic materials derived 
from sago. The X-ray diffraction (XRD) analysis provided 
valuable insights into the crystalline phases in the Tawaro 
starch and bioplastic samples. Additionally, it suggested a 
complex relationship between environmental conditions and 
material composition, emphasizing the need for additional 
investigation in this intriguing study area.

5. 2. Results of mechanical properties of sago bioplastic
During our study, an extensive selection of bioplastic 

samples was carefully fabricated and afterwards exposed to 

a range of Ultraviolet (UV) radiation treatments to evaluate 
their durability and efficacy across different environmental 
circumstances. Table 1 shows the code for the bioplastic 
samples used in this study based on exposure to ultravi-
olet radiation. To conduct a comprehensive assessment of 
the mechanical properties of the bioplastic specimens, let’s 
utilize the Universal Testing Machine - Lloyd L10K Plus. 
This particular instrument is widely recognized for its ex-
ceptional precision and reliability in accurately measuring 
material properties. The utilization of this apparatus facili-
tated the execution of elongation experiments on individual 
specimens, yielding significant observations regarding their 
inherent flexibility, stretchability, and general mechanical 
soundness.

Table	1

Bioplastic	sample	code

No. Treatment code Code meaning

1 D0 Lacking any ultraviolet radiation

2 D1UV24 Exposed to 24 hours of ultraviolet radiation

3 D2UV48 Subjected to 48 hours of ultraviolet exposure

4 D3UV72
Enduring an intensive 72 hours of ultraviolet 

Irradiation

The analysis of the elastic modulus, as shown in Fig. 3, 
offers valuable insight into the material’s rigidity and re-
action to UV exposure. The purpose of this parameter is to 
analyze the relationship between the stiffness of the bioplas-
tic sago sample and the duration of UV exposure. The con-
sistent exposure to UV light leads to a noticeable increase in 
the elastic modulus, suggesting that the material undergoes 
a stiffening effect when exposed to UV radiation. The user’s 
text suggests a correlation between UV exposure and chang-
es in the mechanical properties of bioplastics. These changes 
may result in increased rigidity and reduced susceptibility 
to deformation.

The study observed an impressive elastic modulus of 
2.867 N/mm2, the highest recorded. This high modulus 
was achieved after subjecting the material to 48 hours of 
UV light exposure. The significant increase in stiffness 
observed may be explained by the cumulative effects of 
UV-induced alterations in the material’s structure, which 
enhance its mechanical integrity. In contrast, the samples 

Fig.	3.	Testing	the	modulus	of	elasticity	on	bioplastic	before	
and	after	being	treated	with	ultraviolet	radiation
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not exposed to UV light demonstrated the lowest elastic 
modulus, measuring only 1.097 N/mm2. The lower modulus 
suggests that the material is more flexible and pliable when 
in its original state, without exposure to UV radiation. The 
findings provide insights into the possible uses of sago-based 
bioplastics in situations that require stiffness and rigidity. 
The deliberate adjustment of UV exposure has the poten-
tial to customize the mechanical properties of a material to 
fulfill particular needs. In specific applications where main-
taining structural integrity is crucial, extended exposure to 
UV radiation may be utilized to improve stiffness. Converse-
ly, in other applications where flexibility is a priority, it may 
be preferable to limit UV exposure.

5. 3. Results of microbial growth on the surface of sago 
bioplastic 

Monitoring sago bioplastic material surface microbial 
development is essential for product safety, stability, and 
quality. Testing helps meet regulatory requirements and 
guides product development. Testing microbial growth on 
bioplastics is careful and systematic to give reliable and 
valuable results. Controlled microbe application to the bio-
plastic product commences. This stage simulates real-world 
microbial infection, making it crucial.

The microorganisms are applied, and the testing process 
precisely controls environmental conditions to track their 
growth over time. Test results are trustworthy and repro-
ducible in a controlled environment. Temperature, humidity, 
and light exposure are carefully controlled to imitate prod-
uct lifetime conditions. The microbiological monitoring data 
is invaluable. They show the product’s microbial growth 
prevention efficiency. This information is crucial for deter-
mining the product’s hygienic and structural integrity under 
different settings.

Assessing bacterial proliferation on bioplastics entailed 
a systematic and rigorous examination protocol to evaluate 
the material’s vulnerability to microbial colonization. The 
research investigation examined Bacillus subtilis bacteria, 
yielding significant findings on the interaction between mi-
croorganisms and the bioplastic material. The experimental 
procedure was initiated by introducing Bacillus subtilis bac-
teria onto Muller Hinton Agar (MHA) media, a commonly 
used bacterial cultivation and proliferation medium. The 
precise attachment of small bioplastic samples, with dimen-
sions of 1.5×2 cm, was carried out on the agar media surface, 
as depicted in Fig. 4, a. The experimental arrangement 
emulated a situation where the bioplastic material might 
encounter possible microbial pollutants.

The incubation phase was initiated during the subse-
quent 24-hour period, facilitating the interaction between 
the bacteria and the bioplastic surface. The following ob-
servations done on the next day confirmed the presence of 
bacterial proliferation on the bioplastic sheet. The observed 
effect was consistent over three iterations of the experiment, 
indicating the material’s inclination to facilitate bacterial 
colonization. The salient feature of this finding was the 
homogeneous distribution of bacterial proliferation across 
the entirety of the bioplastic sheet, which closely resembled 
the arrangement of bacterial colonies expanding in the im-
mediate region of the plate, as illustrated in Fig. 4, b. The 
bacterial colonies exhibited a comparable hue on both the 
bioplastic and the surrounding plate, suggesting a strong 
resemblance in microbial activity. This finding underscores 
the susceptibility of the material to bacterial colonization. 

During the investigation, as the observation period extend-
ed to 48 hours, it was observed that there was a significant 
increase in bacterial growth on the surface of the bioplastic 
sheet, as depicted in Fig. 4, c. The observed phenomenon of 
the bacterial colonies exhibiting a progressive increase in 

Fig.	4.	Antimicrobial	testing	on	samples	of	sago	bioplastic:	
a –	initial	conditions;	after	incubation	for	b –	24	hours;	

c –	48	hours;	d –	72	hours;	e –	96	hours;	f –	120	hours;	
g –	168	hours

a b

c d

e f

g
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thickness indicates the material’s heightened vulnerability 
to extended periods of microbial presence.

The progression of bacterial growth observed over ex-
tended intervals, from 72 hours to 120 hours, unveils valuable 
insights into the bioplastic material’s interaction with micro-
organisms and its susceptibility to microbial colonization. 
At the 72-hour mark, as depicted in Fig. 4, d, a continuation 
of the trend seen in earlier observations is evident. Bacterial 
colonies on the bioplastic sheet have grown thicker, and the 
size of the bioplastic attached to the agar surface appears to 
have reduced. This suggests an ongoing microbial activity and 
a potential impact on the structural integrity of the bioplastic.

A notable development emerges as the observation period 
extends to 96 hours, as seen in Fig. 4, e. In addition to the 
thickening of bacterial colonies, an intriguing occurrence 
occurs bubbles or foam formation on the bioplastic sheet. 
This phenomenon could indicate various processes, such as 
bacterial metabolic activity or the release of gases due to 
microbial interactions with the bioplastic surface. It under-
scores the complexity of microbial behavior on the material. 
By the 120-hour mark, shown in Fig. 4, f, further changes 
come to light. Additional bacterial growth is observed on the 
agar media and the surface of the bioplastic plate. This phe-
nomenon might be attributed to other bacteria that were ini-
tially attached to the media during earlier observations. This 
observation underscores microbial communities’ dynamic 
and ever-evolving nature and interactions within the testing 
environment. The seventh day of observation, as depicted 
in Fig. 4, g, marked a significant milestone in the bacterial 
testing of the bioplastic material. It clearly illustrated the 
transformative effects of prolonged microbial exposure on 
the material’s properties and integrity.

6. Discussion of the experiment using Tawaro 
environmentally friendly sago starch as a sago bioplastic

Phosphorus pentoxide, or P2O5, is an element that exists 
in multiple crystallized forms or polymorphs. These forms 
are metastable states. Phosphorus pentoxide is utilized in 
numerous applications, such as serving as a desiccant and 
dehydrating agent and producing phosphoric acid. The pres-
ence of P2O5 in Tawaro sago starch could be attributed to the 
extraction process or environmental factors. It is crucial to 
recognize that P2O5 is different from heavy metals like Mer-
cury (Hg), Lead (Pb), Cadmium (Cd), and Chromium (Cr6+), 
which are widely recognized as environmental pollutants and 
can pose health hazards if present in excessive quantities. 
Magnesium sulfate (Mg2O4), commonly referred to as Epsom 
salt, is a compound with a wide range of external and internal 
applications [22]. Magnesium sulfate is widely utilized in bath 
salts due to its calming and healing attributes.

Additionally, it is employed in agriculture as a supple-
ment for plant nutrition, providing magnesium and sulfur. 
The presence of it in this context could potentially be linked 
to soil or processing conditions. It is important to note that 
it does not fall under heavy metals. In addition, it is essen-
tial to note that the elements oxygen (O), carbon (C), and 
hydrogen (H) play a crucial role as constituents of the com-
pound O12C92H80 (Fig. 2, b). These elements are essential 
components of organic matter and can be found extensively 
throughout the natural world. The statement suggests that 
the substances are not classified as heavy metals. The pres-
ence of elements or compounds like P2O5 and Mg2O4 in 

Tawaro sago starch does not necessarily indicate contami-
nation by heavy metals linked to environmental pollution. 
The differentiation between different types of sago starch 
is crucial to guarantee its safety and appropriateness for 
various uses.

The mention of the SNI (Indonesian National Standard) 
standard implies that Tawaro sago starch fulfills the re-
quirements to serve as a viable bioplastic foundation for food 
packaging. The statement supports the worldwide movement 
towards sustainable and eco-friendly packaging options, em-
phasizing the preference for natural materials over synthetic 
ones [23]. The use of raw materials in food packaging has 
become increasingly popular due to the increasing demand 
for packaging options that are environmentally friendly and 
sustainable [17, 24].

The analysis of mechanical properties testing performed 
on sago bioplastic material sheets (Metroxylon SP) has 
provided valuable insights into how the material reacts to 
UV exposure. The results provide a detailed understanding 
of the impact of UV treatment on the elasticity modulus 
of the sheet. After conducting a thorough analysis of the 
obtained results, it is evident that applying UV exposure 
treatment can modify and improve the elongation properties 
of the sheet material when exposed to external forces. It is 
important to highlight that there is a significant exception 
observed in the case of specimen D3UV72. In this particular 
instance, extended exposure to UV light seems to result in 
a decline in the material’s mechanical properties. This sug-
gests that there is a point at which prolonged UV exposure 
may start to have fewer positive effects or even negative ef-
fects on the material’s performance. Using a UV light source, 
a high-frequency light wave with a 100–280 nm wavelength 
and an energy of 375 kJ/mol. Exposure to UV radiation can 
change the molecular bonds in the sample [25].

The study reveals an interesting finding in specimen 
D2UV48, as the mechanical properties demonstrate a note-
worthy improvement. The elastic modulus experienced a 
significant increase from 1,097 N/mm2 to 2,867 N/mm2, in-
dicating a remarkable 161 % growth, as illustrated in Fig. 5. 
The discovery highlights the complex connection between 
UV exposure and the mechanical characteristics of sago bio-
plastic samples. The period of UV exposure lasting between 
24 to 42 hours is considered a critical window, as it signifi-
cantly improves the material’s mechanical performance. The 
increased mechanical properties observed can be explained 
by the chemical changes that occur due to UV exposure. 
Oxygen, which is likely introduced through photochemical 
reactions, can potentially cause changes in the chemical 
composition and cross-linking of the sample surface. The 
suggested modifications can potentially strengthen the sub-
stance, improving its structural soundness.

Extended UV exposure, as seen in specimen 
D3UV72 (2.211 N/mm2), provides valuable insights into 
the behavior of sago bioplastics throughout time. Extended 
UV exposure slows the lengthening of these bioplastic spec-
imens, indicating a more progressive mechanical property 
change. UV-induced biodegradation of bioplastics is linked 
to this phenomenon. Oxidation drives biodegradation. UV 
radiation causes chemical reactions in sago bioplastics, 
polymerizing polymer chains. UV-generated free radicals 
catalyze these processes. UV light-induced chlorine-hydro-
gen interactions are crucial to this chain reaction. The in-
teraction between elements gradually transforms bioplastic 
material, changing its mechanical characteristics.
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Note that the decrease in elongation from D2UV48 to 
D3UV72 is safe. The SNI standard [21] requires tensile 
elongation at break to be less than 5 % after 250 hours of 
UV irradiation. The variations in elongation found in these 
specimens are well within acceptable boundaries, showing 
that the material is mechanically adequate for its intended 
applications even after extensive UV exposure. Biode-
gradability is important in situations where cost-effective 
disposal is a requirement after use [26]. Sago bioplastics are 
environmentally friendly alternatives to traditional plastics, 
which promotes sustainability and responsible material use.

Sago bioplastic’s antimicrobial qualities, particularly its 
capacity to inhibit bacteria and fungal development, are as-
sessed by microbial growth testing on its surface. This study 
uses Bacillus subtilis as the test bacteria. Bacillus subtilis 
is a gram-positive rod bacterium that measures 2–3 nano-
meters long and 0.7–0.8 nanometers wide. These bacteria is 
important in the nutrient cycle because it is saprophytic and 
thrives on decaying organic materials. Its ability to produce 
a variety of enzymes makes it useful in many industrial ap-
plications [16, 27]. Industry uses Bacillus subtilis to make 
proteases, amylases, antibiotics, and compounds. Bacillus 
subtilis is experienced in environmental cleanup, especially 
chromium removal. This bacterium detoxifies or sequesters 
heavy metals alone or in groups [28]. Its ability to reduce 
heavy metal contamination highlights its versatility and 
environmental importance.

During the 96-hour bacterial test of the bioplastic sheet, 
it was observed that bubbles or foam formed (Fig. 4, e). 
Multiple factors contribute to this phenomenon, which can 
be attributed to the characteristics of bioplastic materials 
and their interactions with bacteria. These factors include 
the production of gas by bacteria, the release of gas from 
the material, the metabolic activity of bacteria, chemical 
interactions, material deformation, and variations in pres-
sure and temperature. The same idea was conveyed by the 
source referenced as [29]. The presence of bubbles or foam 
in bacterial tests conducted on bioplastic materials should 
be interpreted with caution, as its significance can vary de-
pending on the specific objectives of the test and the desired 
properties of the material.

Bacterial testing on bioplastic material containing sago 
starch indicated optimum bacterial growth on the whole sur-
face of the plate, with no growth inhibitors that could prevent 
Bacillus subtilis bacteria from growing. Bioplastic plates con-
tain sago starch, which bacteria use to build colonies. Bacteria 
may decompose bioplastics, making them eco-friendly. After 
piercing and raising, the material became brittle (easily torn) 
on the seventh day (Fig. 4, g) due to increased bacterial activ-
ity. According to SNI criteria [21], product surface microbial 
growth is >60 % for one week. Fig. 4, b shows that 100 % of 
bacteria filled the sago bioplastic specimen in two days. Be-
cause bioplastics are natural starches with protein, young 
bacteria proliferate by defending themselves.

The research could encounter limitations in terms of the 
conversion of sago starch into bioplastics. This process may 
require specialized equipment and expertise, which could 
restrict its scalability and practicality for small-scale oper-
ations or resource-constrained regions. A thorough evalua-
tion of the cost of sago-based bioplastics, encompassing raw 
material acquisition and processing, is necessary. The poten-
tial limitation of adopting bioplastics could be attributed to 
their higher price than conventional plastics. Various fac-
tors, including the specific region, climate, and cultivation 

practices, influence sago starch quality and characteristics. 
The variability in material properties can challenge main-
taining consistency during bioplastic production.

Several disadvantages related to the study can be ob-
served alongside potential approaches for mitigating them in 
future research. One of these disadvantages is the diversity 
in sago starch characteristics resulting from geographical 
and agricultural disparities, which can impact the unifor-
mity of the material. In order to effectively tackle this issue, 
future research endeavors could entail establishing partner-
ships with specialists in sago farming to enhance the quality 
of starch and formulate uniform procedures. The issue of 
variability in the rates of biodegradation of sago-based 
bioplastics can be effectively mitigated by implementing for-
mulation optimization techniques and conducting standard-
ized biodegradation testing across diverse environmental 
conditions. This approach ensures the attainment of consis-
tent and predictable degradation patterns. Reducing costs 
associated with sago-based bioplastics can be achieved by 
implementing process optimization techniques and under-
taking scale-up initiatives. Subsequent investigations may 
prioritize enhancing production efficiency and exploring 
sourcing and processing technologies that are economical-
ly advantageous. To mitigate this drawback, forthcoming 
research endeavors may undertake more extensive life cycle 
analyses, wherein sago-based bioplastics are compared to a 
broader spectrum of conventional plastics and alternative 
bioplastic materials. This approach would yield a more pre-
cise evaluation of the environmental implications associated 
with sago-based bioplastics.

The study’s development encompasses multiple stages 
and avenues for further research and progress. One such 
direction is to improve the bioplastic formulation to enhance 
its material properties, including tensile strength, flexibility, 
and barrier properties. To achieve the desired characteris-
tics, adjusting the ratios of sago starch, glycerol, and acti-
vator solution may be necessary. Conduct research on novel 
processing techniques to optimize the conversion of sago 
starch into bioplastics, focusing on methods that enhance ef-
ficiency and streamline the overall production process. One 
potential avenue for improvement and expansion is the ex-
ploration of innovative approaches, such as extrusion or 3D 
printing, which have the potential to enhance efficiency and 
scalability. The objective is to establish a consistent set of 
sago starch properties by addressing the variability caused 
by geographical and cultivation variations. Collaboration 
with sago cultivators is necessary to establish uniform quali-
ty standards. Research sustainable sago cultivation practices 
that reduce environmental impact, such as implementing 
agroforestry or organic farming techniques. Evaluate the 
environmental impact of expanding sago cultivation.

The study will likely face numerous difficulties and 
challenges in different areas, including the variation in sago 
starch properties caused by geographical factors and culti-
vation practices. The variability in sourcing and the need 
for consistent raw material quality may present challenges. 
Converting sago starch into bioplastics can be challenging 
due to the requirement of specialized equipment and exper-
tise. This may result in processing difficulties, scalability 
issues, or the necessity for expensive modifications. Devel-
oping an optimized bioplastic formulation that balances 
material properties can be complex and intricate. A signif-
icant challenge is to balance factors such as starch content, 
plasticizer ratio, and activator solution composition. Con-
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ducting biodegradation studies requires careful attention 
to experimental setups and extended observation periods 
to assess the effects of different environmental conditions 
accurately. The process of standardizing these tests presents 
certain difficulties.

7. Conclusions

1. The absence of heavy metals within the composition 
was discovered by carefully investigating the XRD (X-ray 
diffraction) features of Tawaro-type sago bioplastic mate-
rial, which is both promising and environmentally benign. 
This research further establishes sago-based bioplastics as 
a more environmentally friendly and sustainable alternative 
to petroleum-based plastics. A finding of this nature has 
far-reaching ramifications, especially in environmentally 
friendly packaging materials and other fields where prevent-
ing heavy metal contamination is critical.

2. Sago bioplastic’s modulus of elasticity changed sig-
nificantly when exposed to UV radiation. Under ultraviolet 
exposure for 48 hours, modulus of elasticity levels increased 
significantly from 1,097 N/mm2 to 2,867 N/mm2. UV light 
is responsible for this 161 % rise, demonstrating its tremen-
dous effect on the substance. A complex chemical alteration 
in the bioplastic’s chemical structure under ultraviolet expo-
sure causes this metamorphosis. UV light modifies polymer 
chains by reactions. Changing the material’s structure 
strengthens it, increasing modulus of elasticity.

3. Microbes on sago bioplastic evolve rapidly. Suitable 
temperature and humidity allow microbial colonies to grow 

quickly on bioplastics. Microbial development must be as-
sessed and managed for diverse applications since organic 
materials like sago bioplastic are susceptible to microbial 
activity. For several reasons, understanding sago bioplastic 
microbial growth speed is vital.
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Abstract. Bioplastic materials, also known as biodegradable materials made from plant starch, have become one of the 
alternatives to prevent the accumulation of non-biodegradable plastics. Sago starch material (Metroxylon sp) has been 

developed for the production of bioplastics. The microstructural properties of Tawaro sago starch (STA) and Tawaroduri 

sago starch (STB) have been characterized, and it has been found that STA sago starch is superior as a base material for 

bioplastic production due to its amylose content of 36.49%. The XRD diffractogram revealed the formation of the α-
amylose phase, and the elongation of the sago starch (STA) amylose polymer chains (C-O) was confirmed by the absorption 

band in the range of 1200 – 990 cm-1 for (C-O-C) and (C-O-H) in the sago starch glucosidic ring, with higher intensity 

compared to Tawaroduri starch (STB) at absorption bands 958 cm-1, 860 cm-1, 771 cm-1, and 715 cm-1. Sago starch (STA) 

was modified using Heat Moisture Treatment (HMT) technique at a temperature of 100℃ with different time variations, 
and the hand layup method was used to produce four bioplastic specimens. Sago starch (STA) with 0.0% moisture content 

in specimen D showed a tensile strength value of 0.254 MPa and a strain of 0.247 MPa. The tensile strength increased due 

to the HMT treatment of sago starch. However, the strain value of specimen D was still relatively rigid. This occurred 

because the low moisture content in the starch granules was evenly distributed, leading to increased liquid absorption 

capacity and better distribution of other elements. 

INTRODUCTION 

Sago (Metroxylon sp) is known as one of the commodities that grow abundantly in Indonesia, particularly in Luwu 

Regency and Palopo City, covering an area of 1334.9 hectares. Based on investigations by Barahima, sago 

(Metroxylon sp) in Palopo City consists of two types, Tawaro and Tawaroduri, with a harvest age of around 5-10 

years [1]. From field observations, there are still many unused sago trees that fall (become neglected) due to exceeding 

their harvest age. Sago (Metroxylon sp) has great potential as a bioplastic material due to its availability, 

characteristics, and high amylose content [2]. Starch with a high amylose content can enhance mechanical and thermal 

properties, produce homogeneous bioplastics, and provide strong adhesion [3], [4].  

Recent research has focused on Heat Moisture Treatment (HMT) to modify the physicochemical properties of 

starch, using 30% humidity, temperatures of 100-120°C for 2 hours, and achieving uniform moisture content of 10%. 

The heat energy applied to the amylose chain is higher in pea starch, resulting in increased interactions between starch 

chains and improved crystallite perfection [5]. Eduardo also reported that the HMT method affected the modification 

of king banana starch (Musa paradisiaca L.), resulting in an increased elastic modulus of 12.38 MPa, tensile strength 

of 27.09 MPa, elongation of 6.0%, and no significant change in solubility [6]. Based on the aforementioned research 
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findings, this study aims to analyze sago starch (Metroxylon sp) using HMT to enhance its physicochemical properties. 

The research on sago (Metroxylon sp) as a bioplastic material is expected to improve its mechanical properties, light 

exposure, moisture, and heat resistance without causing severe damage, and make it water-resistant (hydrophobic) for 

further development into packaging products. 

MATERIALS AND METHOD 

The extraction of sago starch (Metroxylon sp) was performed on two types, Tawaro sago (STA) and Tawaroduri 

sago (STB), sourced from Mancani Village, Telluwanua District, Palopo City, South Sulawesi Province, Indonesia. 

Microstructural property testing of the starch was conducted to select the sago starch with the best quality. The testing 

included the calculation of amylose and amylopectin content, X-Ray Diffraction (XRD), Fourier Transform Infra-Red 

(FTIR), and Scanning Electron Microscopy (SEM). The sago starch with the best quality based on microstructural 

testing was subjected to the Heat Moisture Treatment (HMT) stage at a temperature of 100°C for varying durations of 

2 hours, 4 hours, and 5 hours. 

The hand layup method was used in the production of bioplastic specimens from the sago starch that had undergone 

the HMT process. The preparation of the bioplastic specimens involved combining 8 grams of sago starch, 3 mL of 

glycerol, and a 46 mL solution of 2% v/v activator (acetic acid (CH3COOH) and distilled water). The mixture paste 

of all ingredients was homogenously stirred at a temperature of 70°C. The paste was poured onto glass media and 

heated for 1 hour at a temperature of 100°C to form the bioplastic specimens. This method resulted in 4 bioplastic 

specimens, namely specimens A, B, C, and D, with variations in the HMT duration of the sago starch. 

 

RESULT AND DISCUSSION 

Amylose and Amylopectin Content of Sago Starch 

The extraction process of sago starch from the sago pith resulted in two types of starch, namely Tawaro starch 

(STA) and Tawaroduri starch (STB). After being processed into starch, these two types of starch have their own 

distinct characteristics. Tawaro starch is white and clean, while Tawaroduri starch has a slightly reddish color (Fig. 

1a and 1b). 

     

FIGURE 1. (a) Sagu Tawaro starch (STA) and (b) Sagu Tawaroduri starch (STB) 
  

The average amylose content of Tawaro sago starch is 36.49%, while Tawaroduri sago starch has an average 

amylose content of 36.42%. These amylose contents are higher compared to the findings of Polnaya, who reported an 

amylose content of 35.13% for Ihur sago starch from Central Maluku [7]. Du reported an amylose content of sago 

starch from Papua reaching 24.07% [8]. The amylose content of 28% was reported for sago starch from SIM Company 

in Penang Island, Malaysia [9]. 

Microstructure of Sago Starch 

The XRD characterization results obtained diffractograms from the samples of Tawaro starch (STA) and 

Tawaroduri starch (STB), which show the phases formed by each peak in Figure 2c.  



 

 

 

   FIGURE 2. (a) SEM image of starch (STA), (b) SEM image of starch (STB), (c) Difractogram of sago starch, (d) EDS of STA, 

and (e) EDS of STB 

 

There are several peaks observed in the Tawaro starch (STA) and Tawaroduri starch (STB) samples, which were 

identified as four phases: α-amylose phase at 2θ angles of 15.32°, 17.08°, 17.84°, 22.92°, and 25.19° with crystal 

planes (020), (013), (121), (123), and (024) having a chemical formula of (C6H8O4)n and an orthorhombic crystal [10] 

structure as recorded in the ICDD#00-043-1858 database. The amylopectin phase was observed at 2θ angles of 15.32°, 

19.56°, and 22.92° with a chemical formula of (C6H10O5)n, in accordance with the ICDD#00-052-2248 database [11]. 

In addition to these two phases, contaminants P2O5 and Periclase (Mg2O4) were also identified in Tawaro starch (STA) 

and Tawaroduri starch (STB) based on the COD#96-231-1014 and COD#96-901-3251 databases, respectively. These 

contaminants in Tawaro (STA) and Tawaroduri (STB) starches are likely due to the use of groundwater or 

contaminants already present in the sago plants during the sago starch extraction process. Furthermore, the 

composition of impurities in STB sago starch is greater than STA as seen in Fig. 2(d) and 2(e). The P2O5 composition 

in STA is only 1.86%, while in STB, it is 4.80%. This can affect the physical characteristics of sago starch, which can 

be observed in Tawaroduri starch (STB), which exhibits a reddish color due to the presence of phenolic compounds 

caused by the interaction between Mg2O4 and Tawaroduri starch (STB), the relative higher content of P2O5, and 

genetic factors in sago plants [12]. The presence of phenolic compounds in sago starch (STB) affects the appearance 

of both sago starch samples. STA and STB sago starches show granules with various shapes, ranging from round to 

elongated (oval) and oval with notches. The SEM results in Fig. 2(a) show that STA sago starch granules tend to have 

an oval shape with smooth and intact surfaces. On the other hand, STB sago starch in Fig. 2(b) displays more abstract 

granule shapes with surface defects [3]. This is caused by the higher water content in the STB sample, which can be 

seen in the broader absorption band of -OH groups at 3572 cm-1 compared to the absorption band of STA sago starch, 

resulting in granule expansion, polymer leakage from the granules [8], and ultimately changing the granule 

structure/shape [13]. 

The intact shape of STA sago starch granules shows absorption at the wavenumber of 1652 cm-1, corresponding 

to the C=O (ester) stretching bond, supported by the absorptions at wavenumbers 1240 cm-1, 1161 cm-1, 1056 cm-1, 

and 974 cm-1 from C-O ether stretching bonds [14], as depicted in Fig. 3. The absorption of the C=O (carbonyl) 

stretching bond in sago starch is likely due to the presence of tightly bound water molecules within the starch molecule 

[6], [15]. This also identifies that Tawaro material (STA) contains a higher amount of amylose compared to 



Tawaroduri material (STB), as indicated by the absorption bands in the fingerprint region at the range of 1200 - 990 

cm-1, which strengthens the characteristics of C-O stretching in C-O-C and C-O-H in the glycosidic ring of sago starch 

[8], [16], [17]. 

 

 
FIGURE 3. The FT-IR spectra of Tawaro starch (STA) and Tawaroduri starch (STB) 

 

Based on the microstructural testing of Tawaro starch (STA) and Tawaroduri starch (STB), it appears that the 

content of amylose and amylopectin is quite similar between the two starches. High amylose and low amylopectin 

content can enhance the mechanical and thermal properties of bioplastics, as supported by the long linear chain of 

amylose and the intact granule structure acting as reinforcement material [6], [13]. Some previous researchers have 

also reported that high amylose content results in homogenous bioplastics with stronger shear resistance, characterized 

by high hardness and firm elasticity [3]. However, STB sago starch contains phenolic compounds that damage the 

granule shape. A damaged granule shape can decrease the quality of tensile strength when this sago starch is processed 

into bioplastics [13]. This is why we chose to use STA sago starch in bioplastic production. 

Microstructure of Sago Starch (STA) Bioplastic Specimens 

Tawaro starch (STA) was selected to be processed into bioplastic. The results of HMT (Heat Moisture Treatment) 

of Tawaro starch (STA) can be seen in Table 1, which shows the reduction in moisture content during the HMT 

process.   

TABLE 1.  Data HMT of Sago Starch (STA) as the base material for bioplastics 

No. HMT Duration (hours) Moisture Content (%) Description 

1. 0 34.90 Specimen A 

2. 2 11.32 Specimen B 

3. 4 7.10 Specimen C 

4. 5 0.00 Specimen D 

 

The Tawaro starch (STA) that has undergone HMT was made into 4 bioplastic specimens, which were then 

characterized to observe the changes in microstructure due to variations in HMT duration. The XRD results of the 

bioplastic specimens show that the α-amylose phase is still visible at angles 2θ 17.01° and 21.85° for specimens A 

and D, and the amylopectin phase is detected at angles 2θ 17.01°, 19.49°, and 21.85° [18], corresponding to the 

ICDD#00-043-1858 and ICDD#00-052-2248 databases. In addition to these two phases, different phases are formed 

in both specimens due to the interaction between glycerol, acetic acid, and Tawaro starch, as shown in Fig. 4. 

 



 

FIGURE 4. Difractogram of bioplastic specimens A and D. 

 

Specimen A with a moisture content of 34.90% and specimen D with a moisture content of 0% in Fig. 5 and Table 

2, have similar intensity for each absorption band, except for the absorption band at 1032 cm-1, which represents the 

(C-O) functional group affecting the formation of chemical chains. This is supported by the difference in phases 

formed due to the interaction between starch, glycerol, and acetic acid. Additionally, specimens B and C exhibit 

acidification in the broadening of the absorption band of the -OH group, indicating that Tawaro starch (STA) 

undergoing HMT for 2 and 4 hours undergoes gelatinization or a change from a solid form to a gel-like form, as 

previously conducted [6]. This results in the accumulation of the -OH group into the / starch (STA), causing imperfect 

interaction between the -OH group contained in starch and glycerol and acetic acid compounds due to the -OH groups 

already strongly bonded to the Tawaro starch (STA), as indicated by the absorption band at 1032 cm-1 for the (C-O) 

functional group, which plays a role in binding glycerol to Tawaro starch (STA). 

TABLE 2. FT-IR spectrum data of the bioplastic specimens. 

Gugus Fungsi 

Wave number (cm-1) 

Spesimen A Spesimen B Spesimen C Spesimen D 

O-H stretching 3446.79 3448.72 3566.38 3450.65 

C-H (sp3) stretching 2927.94 2929.87 2927.94 2924.09 

C = O stretching 1649.14 1649.14 1647.21 1649.14 
-CH2- bending 1460.11 1460.11 1460.11 1462.04 

C-O  stretching 1029.99 1026.13 1024.2 1028.06 

 

 

FIGURE 5. FT-IR spectrum of the bioplastic specimens. 



 

The comparison of tensile strength data in Fig. 6 for the HMT treatment on starch materials shows that the values 

are almost the same as the untreated specimen. However, specimen D, which has a moisture content of 0.0% and a 

tensile strength value of 0.254 MPa, shows an increase in strength due to the HMT treatment and is still superior to 

the other specimens [19]. The testing results also show a strain value of 0.247 and an elasticity value of 1.101 MPa, 

indicating that specimen D is the stiffest bioplastic compared to the other specimens. From Figure 6, it is also evident 

that the HMT treatment on STA sago starch tends to increase or enhance the tensile strength value [15]. This occurs 

due to the varying moisture levels contained within the starch granules, which affects the absorption of liquids and 

other elements during the gelatinization process [20]. This process is demonstrated in the FTIR spectrum, showing 

changes in the absorption of specific wavebands, especially the -OH and C-O functional groups that play a role in 

forming linear bonds [3], enhancing crystallinity, and improving the tensile strength of the bioplastic specimens [19]. 

 

       

FIGURE 6. Tensile strength and strain of bioplastic specimens. 

CONCLUSION 

Sagu Tawaro starch (STA) is considered the highest quality starch without flavonoid compounds, with an amylose 

content of 36.49%. This starch exhibits linear protruding α-amylose chains and uniform particle shapes based on 

microstructural characterization. Due to its high quality, Tawaro sago starch (STA) is used as the main material in the 

production of bioplastic specimens. Bioplastic specimens made from Tawaro sago starch (STA) that have undergone 

the HMT process at a temperature of 100°C for varying durations show reduced moisture content. The control starch 

specimens have moisture content of 34.9% (Sample A), 11.32% (Sample B), 7.10% (Sample C), and 0.0% (Sample 

D). Among the bioplastic specimens, Sample D performs the best, with a tensile strength value of 0.296 MPa, as 

evidenced by its well-mixed (homogeneous) microstructure. Sample D also exhibits a high elasticity value of 2.045 

MPa compared to the other samples. However, the tensile strength value of Sample D has not yet reached the standard 

of commercial plastic. Therefore, further research is required concerning the appropriate composition ratio of sago 

starch, glycerol, and acetic acid to improve the bioplastic's properties. 
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