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ABSTRAK 

 

 

Brazilin merupakan senyawa dari kayu secang (Caesalpinia sappan L.) memiliki 

aktivitas antioksidan dan antiinflamasi, namun stabilitasnya perlu ditingkatkan 

melalui sistem penghantaran yang sesuai. Penelitian ini bertujuan mengoptimasi 

formula dan mengkarakterisasi nanoemulsi Pickering brazilin yang distabilkan oleh 

partikel kitosan-tripolifosfat (TPP) pada antarmuka minyak dan air. Optimasi 

dilakukan menggunakan metode Box–Behnken Design (BBD) dengan respon nilai 

transmitan. Model BBD menunjukkan hubungan signifikan antara faktor formulasi 

dan nilai transmitan serta menghasilkan nilai desirability yang mendekati 1, 

menunjukkan kesesuaian yang tinggi antara prediksi dan target optimasi. Faktor 

yang dioptimasi meliputi konsentrasi kitosan-TPP 25%, tween 80 2%, dan VCO 

0,5%. Formula optimum kemudian dikarakterisasi meliputi organoleptik, pH, 

viskositas, sentrifugasi, ukuran droplet, indeks polidispersitas (PDI), dan zeta 

potensial. Hasil menunjukkan nanoemulsi Pickering berupa cairan coklat jernih 

beraroma khas secang dengan pH 4,22 ± 0,005, viskositas 1,1571 ± 0,002 cP, serta 

tidak mengalami pemisahan fase, maupun pengendapan pada uji sentrifugasi. 

Ukuran droplet, PDI, dan zeta potensial berturut-turut sebesar 36,17 ± 1,125 nm, 

0,59 ± 0,016, dan −9,434 mV. Nanoemulsi Pickering brazilin hasil optimasi BBD 

berpotensi dikembangkan sebagai sistem penghantaran topikal yang stabil dengan 

aktivitas antioksidan dan antiinflamasi. 

 

 

Kata kunci: nanoemulsi Pickering, brazilin, desain Box-Behnken, kitosan-

TPP, transmitan. 
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ABSTRACT 

 

 

Brazilin is a compound from sappan wood (Caesalpinia sappan L.) that has 

antioxidant and anti-inflammatory activities, but its stability needs to be improved 

through an appropriate delivery system. This study aims to optimize the formula 

and characterize Pickering brazilin nanoemulsion stabilized by chitosan-

tripolyphosphate (TPP) particles at the oil-water interface. Optimization was 

carried out using the Box–Behnken Design (BBD) method with a transmittance 

value response. The BBD model showed a significant relationship between 

formulation factors and transmittance values and produced a desirability value 

close to 1, indicating a high agreement between predictions and optimization 

targets. Optimized factors included chitosan-TPP concentration of 25%, tween 80 

2%, and VCO 0.5%. The optimum formula was then characterized including 

organoleptic, pH, viscosity, centrifugation, droplet size, polydispersity index (PDI), 

and zeta potential. The results showed that Pickering nanoemulsion was a clear 

brown liquid with a distinctive aroma of sappanwood with a pH of 4.22 ± 0.005, a 

viscosity of 1.1571 ± 0.002 cP, and did not experience phase separation or 

precipitation in the centrifugation test. The droplet size, PDI, and zeta potential 

were 36.17 ± 1.125 nm, 0.59 ± 0.016, and −9.434 mV, respectively. The Pickering 

brazilin nanoemulsion resulting from BBD optimization has the potential to be 

developed as a stable topical delivery system with antioxidant and anti-

inflammatory activities. 

 

 

Keywords: Pickering nanoemulsion, brazilin, Box-Behnken Design, TPP 

chitosan, transmitan. 
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LAMPIRAN 1 

HASIL OPTIMASI BOX-BEHNKEN DESIGN 

1. Hasil Optimasi Nanoemulsi Pickering Brazilin 

Formula 

Kitosan

-TPP 

% 

Tween 80 

% 

VCO 

% 
% Transmittan SD 

F1 50 2 0,5 94,679 ±0,133 

F2 25 0,5 1,25 93,378 ±0,277 

F3 25 2 1,25 95,285 ±0,215 

F4 25 1,25 0,5 95,779 ±0,042 

F5 75 2 1,25 95,196 ±0,590 

F6 50 1,25 1,25 94,712 ±0,050 

F7 75 1,25 2 90,569 ±0,473 

F8 75 1,25 0,5 95,328 ±0,216 

F9 50 1,25 1,25 95,046 ±0,277 

F10 25 1,25 2 89,686 ±1,154 

F11 50 0,5 2 78,365 ±0,847 

F12 50 0,5 0,5 95,206 ±0,525 

F13 50 2 2 81,924 ±0,459 

F14 75 0,5 1,25 91,967 ±0,204 

F15 50 1,25 1,25 92,59 ±0,280 

 

2. Data Perbandingan Hasil Aktual dan Prediksi BBD 15 Formula  

 

Run Actual Value Predicted Value Residual 

1 94,68 98,06 -3,38 

2 93,38 91,09 2,28 

3 95,28 93,14 2,15 

4 95,78 97,17 -1,39 

5 95,20 92,87 2,33 

6 94,71 91,98 2,73 

7 90,57 86,79 3,78 

8 95,33 96,90 -1,58 

9 95,05 91,98 3,07 

10 89,69 87,06 2,63 

11 78,36 85,90 -7,54 

12 95,21 96,02 -0,8097 

13 81,92 87,95 -6,02 

14 91,97 90,83 1,14 
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15 92,59 91,98 0,067 

 

3. Rekomendasi Formula Persentase Transmitan Terbaik BBD 

 

Number P Mix Tween 80 VCO Transmittan Desirability 

1 25,003 2,000 0,500 98,191 0,910 

2 25,359 2,000 0,500 98,189 0,909 

3 26,114 2,000 0,500 98,185 0,909 

4 25,006 1,993 0,500 98,182 0,909 

5 27,178 2,000 0,500 98,179 0,909 

6 27,431 2,000 0,500 98,178 0,909 

7 27,961 2,000 0,500 98,175 0,909 

8 25,773 1,991 0,500 98,175 0,909 

9 28,244 2,000 0,500 98,174 0,909 

10 28,920 2,000 0,500 98,170 0,909 

11 29,599 2,000 0,500 98,167 0,908 

12 25,000 1,984 0,501 98,164 0,908 

13 30,353 2,000 0,500 98,163 0,908 

14 32,413 2,000 0,500 98,152 0,908 

15 25,000 2,000 0,506 98,151 0,908 

16 25,000 1,968 0,500 98,148 0,907 

17 33,189 2,000 0,500 98,147 0,907 

18 33,865 2,000 0,500 98,144 0,907 

19 34,647 2,000 0,500 98,140 0,907 

20 34,961 2,000 0,500 98,138 0,907 

21 35,884 2,000 0,500 98,133 0,907 

22 36,470 2,000 0,500 98,130 0,906 

23 36,819 2,000 0,500 98,128 0,906 

24 37,298 2,000 0,500 98,125 0,906 

25 38,731 2,000 0,500 98,118 0,906 

26 39,856 2,000 0,500 98,111 0,906 

27 40,478 2,000 0,500 98,108 0,905 

28 41,431 2,000 0,500 98,103 0,905 

29 43,487 2,000 0,500 98,092 0,905 

30 43,698 2,000 0,500 98,091 0,905 

31 44,376 2,000 0,500 98,088 0,904 

32 44,819 2,000 0,500 98,085 0,904 

33 29,708 2,000 0,512 98,085 0,904 

34 47,082 2,000 0,500 98,073 0,904 

35 48,363 2,000 0,500 98,066 0,903 

36 48,552 2,000 0,500 98,065 0,903 
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37 48,874 2,000 0,500 98,064 0,903 

38 50,046 2,000 0,500 98,057 0,903 

39 53,480 2,000 0,500 98,039 0,902 

40 25,001 1,888 0,500 98,039 0,902 

41 28,858 1,901 0,500 98,036 0,902 

42 54,946 2,000 0,500 98,031 0,902 

43 25,000 2,000 0,525 98,020 0,901 

44 57,934 2,000 0,500 98,015 0,901 

45 59,216 2,000 0,500 98,008 0,900 

46 60,018 2,000 0,500 98,004 0,900 

47 60,914 2,000 0,500 97,999 0,900 

48 61,314 2,000 0,500 97,997 0,900 

49 62,084 2,000 0,500 97,993 0,900 

50 62,505 2,000 0,500 97,991 0,900 

51 25,000 1,849 0,500 97,986 0,899 

52 65,499 2,000 0,500 97,975 0,899 

53 67,019 2,000 0,500 97,967 0,898 

54 67,473 2,000 0,500 97,964 0,898 

55 67,759 2,000 0,500 97,963 0,898 

56 69,049 2,000 0,500 97,956 0,898 

57 69,396 2,000 0,500 97,954 0,898 

58 71,259 2,000 0,500 97,944 0,897 

59 71,839 2,000 0,500 97,941 0,897 

60 72,629 2,000 0,500 97,937 0,897 

61 73,303 2,000 0,500 97,933 0,897 

62 25,000 1,806 0,500 97,927 0,896 

63 74,732 2,000 0,500 97,925 0,896 

64 75,000 2,000 0,507 97,878 0,894 

65 25,005 1,751 0,500 97,852 0,893 

66 74,985 1,926 0,500 97,823 0,891 

67 25,001 1,726 0,500 97,818 0,891 

68 25,003 1,671 0,500 97,743 0,887 

69 75,000 1,849 0,500 97,719 0,886 

70 74,995 1,829 0,500 97,691 0,885 

71 25,000 1,553 0,500 97,582 0,879 

72 25,001 1,521 0,500 97,540 0,877 

73 25,000 1,468 0,500 97,467 0,873 

74 25,074 1,434 0,500 97,420 0,871 

75 25,002 1,337 0,500 97,288 0,864 

76 25,000 1,326 0,500 97,273 0,864 

77 75,000 1,512 0,500 97,260 0,863 

78 25,000 1,299 0,500 97,237 0,862 
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79 75,000 1,473 0,500 97,207 0,860 

80 25,004 1,120 0,500 96,992 0,850 

81 25,000 1,094 0,500 96,957 0,848 

82 74,999 1,231 0,500 96,877 0,844 

83 25,001 0,867 0,500 96,649 0,832 

84 75,000 0,858 0,500 96,370 0,818 

85 74,999 1,029 0,543 96,313 0,816 

86 25,001 0,606 0,500 96,294 0,815 

 

4. Hasil Validasi Formula Terpilih Nanoemulsi Pickering Brazilin Berdasarkan 

Respon Transmitan  

Data Respon Persen Transmitan  

Faktor Respon 

Kitosan-TPP 

% 

Tween 80 

% 

VCO 

% 

Persentase 

transmitan 

 

 

25 

 

 

 

2 

 

 

0,5 

97,021 

97,486 

97,689 

Rata-rata 97,399 ±0,280 

 

Data Perbandingan Respon Prediksi dan Aktual Persen Transmitan  

 

5. Cube Plot Hubungan Faktor Kitosan-TPP, Tween 80, Dan VCO, Terhadap 

Respon Persentase Transmitan  

 

 

 

 

Respon Hasil Prediksi n 95% PI 

low 
Hasil Aktual 95% PI 

High 

Persentase 

Transmitan 

98,0577  ±3,86767 3 91,1945 97,399 ±0,280 104,921 
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LAMPIRAN 2 

HASIL KARAKTERISASI NANOEMULSI PICKERING 

1. Hasil karakterisasi formula terpilih nanoemulsi Pickering Brazilin Berdasarkan 

Respon Transmitan 

 

Karakterisasi Hasil Syarat Pustaka 

Uji Organoleptik coklat jernih dan berbau 

asam yang tidak 

menyengat, tidak terjadi 

pemisahan fase 

jernih, warna 

coklat dan 

tidak terjadi 

pemisahan 

fase 

Ngamwonglumlert 

et al   . (2020) 

 

Viskositas (cP) 

 

1,1571 ±0,002 

 

1-100 
 

Perrin et al   , 

(2023) 

pH 4,22 ±0,005 3,5-6,5 Zhai et al   . 

(2026); Su et al   . 

(2024) 

Uji Sentrifugasi Tidak terjadi creaming, 

pemisahan fase, dan 

pengendapan 

Tidak terjadi 

creaming, 

pemisahan 

fase, dan 

pengendapan 

Low et al   . (2020) 

Ukuran Droplet 

(nm) 

36,17 ±1,125 20-200 nm Rosdianto et al   . 

(2023); 

McClements 

(2020) 

Polydisperisty 

Index (PDI) 

0,59 ±0,016 0,3-0,5 Danaei et al   . 

(2018) 

 

Zeta Potensial 

 

-9,434 

< -30 mV 

atau > +30 

mV 

Low et al   . (2020) 

Mardhiani et al   . 

(2022) 

 

2. Hasil Uji Viskositas  

F1. 𝐵𝐽 =  
25,3823−15,6105

10𝑚𝐿
=

9,778 

10
  = 0,9771 

F2. 𝐵𝐽 =  
25,3806−15,6105

10𝑚𝐿
=

9,770 

10
  = 0,9770 

F3. 𝐵𝐽 =  
25,3653−15,6105

10𝑚𝐿
=

9,754 

10
  = 0,9754 
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F1. 
0,8

𝑛2
=  

0,89

0,9771
 × 

2,43

3,20
= 

        
0,8

𝑛2
=  

2,1627

3,1269
 =     

                                                   𝑛2 =
0,8 ×3,1269

2,1627
=  

                                                   𝑛2 =  
2,50152

2,1627
= 1,1566 𝑐𝑝𝑠 

 

F2. 
0,8

𝑛2
=  

0,89

0,9770
 ×  

2,43

3,21
= 

        
0,8

𝑛2
=  

2,1627

3,1362
 =     

                                                   𝑛2 =
0,8 ×3,1262

2,1627
=  

                                                   𝑛2 =  
2,5089

2,1627
= 1,1601𝑐𝑝𝑠 

 

F3. 
0,8

𝑛2
=  

0,89

0,9754
 ×  

2,43

3,21
= 

        
0,8

𝑛2
=  

2,1627

3,1215
 =     

                                                   𝑛2 =
0,8 ×3,1215

2,1627
=  

                                                   𝑛2 =  
2,4972

2,1627
= 1,1571𝑐𝑝𝑠 

 

3. Hasil Uji Sentrifugasi  

 Sebelum Sesudah  
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4. Hasil Karakterisasi Particle Size Analyzer & PDI 
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5. Hasil Karakterisasi Zeta Potensial 
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LAMPIRAN 3 

 PROSEDUR KERJA 

 

 

 

 

 

 

  
 

 

Optimasi Formula Nanoemulsi Pickering 

Brazilin 
Uji Persen Transmitan 

 

 

 

 

Pembuatan Kitosan-TPP 

 

Pembuatan Nanoemulsi Pickering 

Brazilin 

 

 
 

 

 
 

 

Pembuatan Nanoemulsi Pickering Brazilin 

 

Pembuatan Nanoemulsi Pickering 

Brazilin 
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Uji Organoleptik Uji Viskositas 

 

 

 
 

 

 

Uji pH 

 

Uji Ukuran Droplet dan Indeks 

Polidisperistas 

 
 

 

Uji Zeta Potensial Uji Sentrifugasi 
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LAMPIRAN 4 

CERTIFICATE OF ANALYSIS BRAZILIN 
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CERTIFICATE OF ANALYSIS MINYAK VIRGIN COCONUT OIL 
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CERTIFICATE OF ANALYSIS ASAM ASETAT 
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CERTIFICATE OF ANALYSIS KITOSAN 
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CERTIFICATE OF ANALYSIS NATRIUM TRIPOLIFOSFAT 
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CERTIFICATE OF ANALYSIS TWEEN 80 
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CERTIFICATE OF ANALYSIS PROPILEN GLIKOL 
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CERTIFICATE OF ANALYSIS AQUADEST 

 
 

 

 

 

 


