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บทคดัย่อ 

 สารประกอบฟีนอลคิ เป็นทีรู่จ้กักนัดวี่าเป็นสารออกฤทธิท์ีอ่ยู่ในสารสกดัสมุนไพร โดยปกตแิลว้ สารเหล่านี้
สามารถสลายได้เมื่อถูกแสง ซึ่งจะท าให้ฤทธิท์างชวีภาพของสารนัน้ลดลง เพื่อเป็นการเพิม่ความเสถียรต่อแสง
ให้กบัสาร ต้องน ามาท าปฏกิิรยิากับสารคีเลตเพื่อป้องการถูกออกซิไดซ์ด้วยแสง งานวจิยันี้จงึมุ่งเน้นในการใช้
แอมโมเนียมอะลมัเพื่อลดการสลายตวัของสารสกดัจากแก่นฝางดว้ยแสง ในการศกึษานี้ สารสกดัจากแก่นฝางจะ
ถูกละลายในสารละลายที่ประกอบด้วย แอมโมเนียมอะลมัเอธานอล และฟอสเฟตบฟัเฟอร์ซาลีน   พีเอช 7.4 
จากนัน้น าไปวางไวใ้นหอ้งทีม่แีสงและไมม่แีสงทีอุ่ณหภมูหิอ้ง เป็นเวลา 48 ชัว่โมง แลว้น าสารละลายดงักล่าวไปวดั
ค่าการดูดกลนืแสงระหว่าง 200-700 นาโนเมตร จากการศกึษาพบว่า สารละลายทีเ่ตมิแอมโมเนียมอะลมั จะมคี่า
การดดูกลนืแสงที ่541 นาโนเมตร ลดลง จาก 3.010 เป็น 2.226 (26.56%) และมกีารปรากฏของพคีที ่573 นาโน
เมตร เพิม่ขึน้มา ในการศกึษาสารละลายทีไ่ม่ไดใ้ส่แอมโมเนียมอะลมัและเกบ็ในทีม่ดืเป็นเวลา 24 และ 48 ชัว่โมง 
พบว่า ค่าการดูดกลนืแสงที ่541 นาโนเมตร ลดลง จาก 3.010 เป็น 0.979 (67.48%) และจาก 3.010 เป็น 0.446 
(85.18%) ตามล าดบั ในทางตรงกนัขา้ม สารละลายที่ไม่ได้ใส่แอมโมเนียมอะลมัและเก็บในที่มแีสงเป็นเวลา 24 
และ 48 ชัว่โมง พบว่า ค่าการดูดกลนืแสงที ่541 นาโนเมตร จะลดลง จาก 3.010 เป็น 0.667 (77.84%) และจาก 
3.010 เป็น 0.282 (90.62%) ตามล าดบั ทัง้นี้ เมื่อสารละลายที่มกีารใส่แอมโมเนียมอะลมัและเก็บไว้ทีม่แีสงเป็น
เวลา 24 และ 48 ชัว่โมง พบว่า ค่าการดูดกลนืแสงที่ 541 นาโนเมตร จะลดลงเล็กน้อย จาก 2.226 เป็น 1.908 
(14.28%) และจาก 2.226 เป็น 1.200 (46.10%) ตามล าดบั ส าหรบัการเก็บสารละลายทีม่แีอมโมเนียมอะลมัในที่
มดืเป็นเวลา 24 ชัว่โมง พบว่า ค่าการดูดกลนืแสงที่ 541 นาโนเมตร เพิ่มขึ้นเล็กน้อย จาก 2.226 เป็น 2.289 
(2.82%) ในขณะทีก่ารเกบ็ไวเ้ป็นเวลา 48 ชัว่โมง จะมคี่าการดูดกลนืแสงลดลง จาก 2.226 เป็น 1.371 (38.42%) 
จากการศกึษาสามารถสรุปไดว้่า การเตมิแอมโมเนียมอะลมัลงในสารละลายสารสกดัจากแก่นฝาง จะช่วยคงสภาพ
สารละลายสารสกดัจากแก่นฝางทีเ่กบ็ในทีม่ดื อย่างน้อยเป็นเวลา 24 ชัว่โมง การคน้พบนี้ สามารถช่วยเพิม่ความ
เสถยีรของผลติภณัฑจ์ากสมนุไพรไดใ้นอนาคต 
 

ค ำส ำคญั: ความเสถยีรต่อแสง สารสกดัจากแก่นฝาง แอมโมเนียมอะลมั การดดูกลนืแสง 
 

Abstract 
 Phenolic compounds are well-known as active ingredients in herbal extracts. Normally, they are 
degraded when exposed to light, which decreases their biological activities. To improve their photo-
stability, combination with chelating agents is required to prevent photo-oxidation. This study aimed to 
use ammonium alum to slow the photo-degradation of sappanwood ethanolic extract (SE). Before the 
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examination, SE was dissolved in a solution of ammonium alum, ethanol, and PBS pH 7.4. After 
incubation under light and dark conditions at room temperature for 48 h, the solutions were measured to 
show a photo-absorbance of between 200 to 700 nm. The results revealed that the addition of 
ammonium alum into SE solutions caused a sudden decrease in the photo-absorbance at 541 nm 
(PS541) from 3.010 to 2.226 (26.56%) and presented a new peak at 573 nm. Moreover, when 
unchelated SE solution was maintained under dark conditions for 24 h and 48 h, their PS541 decreased 
greatly from 3.010 to 0.979 (67.48%) and from 3.010 to 0.446 (85.18%) respectively. When the 
unchelated SE solution was incubated under light conditions for 24 h and 48 h, their PS541 decreased 
even more from 3.010 to 0.667 (77.84%) and from 3.010 to 0.282 (90.62%) respectively. However, when 
the chelated SE solution was incubated under light conditions for 24 h and 48 h, their PS541 was 
decreased slightly from 2.226 to 1.908 (14.28%) and from 2.226 to 1.200 (46.10%) respectively. For the 
incubation in dark conditions, the PS54 of the chelated SE solution incubated for 24 h slightly increased 
from 2.226 to 2.289 (2.82%) while 48 h incubation caused a decrease from 2.226 to 1.371 (38.42%). It 
can be concluded that ammonium alum chelation stabilized SE for at least 24 h under dark conditions. 
This finding can be used to improve the photo-stability of herbal products in future studies. 
 
Keywords: Photo-stability; Sappanwood ethanolic extract; Ammonium alum; Photo-absorbance 
 

Introduction 
 Phenolic compounds are plant secondary 
metabolites that possess an aromatic ring 
containing one or more hydroxyl substituents, 
including esters, methyl ethers, glycosides, and 
others [1]. Due to them containing numerous 
aromatic rings, they can absorb electromagnetic 
radiation (ultraviolet radiation and visible light) 
and scavenge free radicals. Moreover, their 
biological activities have been reported, including 
anti-oxidation, anti-carcinogenicity, anti-
inflammation, anti-mutagenicity, anti-microbial 
proliferation, anti-melanogenesis, and others [1], 
[2], [3], [4]. Sappanwood (Caesalpinia sappan L.) 
is a perennial plant native to South Asia, 
Southeast Asia, Africa, and the Americas [5]. 
Traditionally, it has been used as a medicinal 
plant in China, India, Myanmar, Vietnam, Sri 
Lanka, and the Malay Peninsula [2].  

In Thai, sappanwood is called “Fang” and 
has been used as a dye and coloring agent in 

beverages, food, garments, and the cosmetic 
industry [6]. Commercially, its extract is contained 
in Namya Utai, a Thai traditional medicine recipe, 
to provide red color and pharmacological 
properties. Moreover, sappanwood extract is used 
to treat numerous diseases, for example, 
abscesses, anemia, carbuncles, diarrhea, 
dysentery, skin infections, tetanus, thrombosis or 
tumor tuberculosis, and other diseases [7], [8].  

Several pharmacological activities of 
sappanwood extract have been reported, such as 
anti-bacterial, anti-inflammation, anti-convulsion, 
anti-oxidation, anti-virus, cell-death protection, 
hepato-protection, hypoglycemia, and others [2], 
[5], [6], [8], [9], [10], [11], [12], [13], [14], [15], [16].  

The extraction of sappanwood involves 
various solvents (water, methanol, ethanol, ethyl 
acetate, and dichloromethane), and brazilin was 
reported as the main phytochemical of 
sappanwood [2], [7], [15], [17]. Brazilin is a homo-
isoflavonoid corresponding to protosappanin A 
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and protosappanin B, which are also extracted 
from sappanwood (Figure 1). However, brazilin 
can be oxidized by air and light to be brazilein 
[18]. Furthermore, 8-methoxy bonducellin, 
caesalpinia chromans, caesalpin J and P, 
chromanones, chalcones sappanin, ombuin, 
protosappaninn C, E1 and E2, quercetin, 
rhamnetin, sappan chalcone, and sappanol were 
reported as present in sappanwood [19]. 
Naturally, phenolic compounds rapidly degrade 
when exposed to light, which decreases their 
biological activities. To improve their photo-
stability, combination with chelating agents is 
required to prevent photo-oxidation. Alum or 
aluminum (III) ion can be used to chelate the 
flavonoid compounds and has been used as the 
mordant agent in traditional garment staining [18].  
 This study aimed to use ammonium alum to 
slow the photo-degradation of sappanwood 
ethanolic extract (SE). 
  

    
                   
Figure 1 Chemical structure of brazilin (A) and 

brazilein (B) 
 
Materials and Methods 
 Extraction of sappanwood heartwood 
 The extraction of sappanwood heartwood 
was done by using Soxhlet extractor apparatus. 
30 grams of the powdered sappanwood was 
transferred into a cellulose thimble (Whatman 
10350265 Standard 603 Cellulose Extraction 
Thimble, GE Healthcare, Buckinghamshire, United 

Kingdom), and then contained in the extraction 
chamber of a Soxhlet extractor. After that, the 
lower side of the chamber was connected with a 
flat-bottomed flask containing 200 mL of 95% 
ethanol, and the upper side of the chamber was 
connected with a condenser irrigated by tap 
water. Subsequently, the flask was placed in 
boiling water to boil the ethanol. Then, the 
evaporated ethanol was condensed in the 
condenser and collected in the chamber until the 
solvent level in the chamber reached the siphon 
level. After that, it was drained through the siphon 
tube into the flask. The process of the powdered 
sappanwood soaked in the solvent maintained in 
the chamber and then drained into the flask was 
counted as 1 cycle. In the experiment, the 
extraction was carried out in 20 cycles for each 
batch. Six batches of the extraction were 
combined together before evaporating the solvent 
by use of a rotary evaporator (Rotavapor R-
210/R-215, BÜCHI Labortechnik AG, Flawil, 
Switzerland). To eliminate the solvent, the 
evaporating flask that contained the crude extract 
was partially immersed in a 45ºC water bath and 
rotated at 70 rpm. Next, the pressure was slowly 
reduced until it reached 100 mbar to facilitate the 
evaporation of ethanol. The evaporation was 
performed until the concentrated extract and the 
viscose extract were collected. Then, the extract 
was transferred into an evaporation disk and 
covered by punctured aluminum foil. Finally, the 
disk was placed in a hot air oven at 45ºC until a 
constant weight was obtained. The crude extract 
was collected and protected from light and air 
exposure until further use. 
 

Preparation of chelated SE 
 The sappanwood ethanolic extract (SE) was 
dissolved in 0.1 mg/mL aqueous solution that 
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contained 10% of ethanol, 10 mM of phosphate 
buffered saline pH 7.4 (PBS pH 7.4), and 0.04 
mg/mL of ammonium aluminum sulfate 
dodecahydrate (ammonium alum or 
AlNH4(SO4)2•12H2O), which provided a molar ratio 
between brazilein (assumed as SE composed by 
100% of brazilein) and ammonium alum as 1:1. 
Before the preparation of chelated SE, 0.5 mg/mL 
SE in 50% ethanol, 0.4 mg/mL ammonium alum, 
and 100 mM PBS pH 7.4 were prepared. After 
that, they were mixed together in a micro-
centrifuge tube with distilled water (600 µL), 0.5 
mg/mL SE in 50% ethanol (200 µL), 0.4 mg/mL 
ammonium alum (100 µL), and 100 mM PBS pH 
7.4 (100 µL) to obtain 1,000 µL of mixture 
volume. The extract was chelated with the 
aluminum (III) ions to be chelate compounds such 
as Al (brazilein)2 (Figure 2) [18]. 

Characterization of chelated SE 
 After the chelated SE was prepared, it was 
simultaneously incubated under light conditions 
(approximate 250 lux from a fluorescent lamp) 
and under dark conditions at room temperature. 
Oxygen was limited by closing the micro-
centrifuge tube. The tubes were maintained for 0, 
24, and 48 h. before measuring the photo-
absorbance every 1.0 nm between 200 to 700 nm 
with 750 nm/min scan speed by use of a 
spectrophotometer (Biochrom Libra S21 Visible 
Spectrophotometer, Biochrom Ltd., Cambridge, 
United Kingdom). Finally, the photo-absorbances 
at 541 nm (PS541) of the mixtures were 
averaged and the standard deviations were 
calculated. The study was done in triplicate.

 
Table 1 Photo-absorbance at 541 nm (PS541) of the unchelated SE and the chelated SE 
 

Alum addition 
Incubation 
time (h) 

Incubation condition 
PS541 

(OD. 541 nm) 
Standard 
deviation 

Without alum 

0 - 3.010 0.025 

24 
Light 0.667 0.055 
Dark 0.979 0.017 

48 
Light 0.282 0.029 
Dark 0.446 0.004 

With alum 

0 - 2.226 0.071 

24 
Light 1.908 0.052 
Dark 2.289 0.014 

48 
Light 1.200 0.103 
Dark 1.371 0.027 
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Figure 2 Structure of Al(brazilein)2 complex from 

brazilein and aluminum (III) ion 
complexation [18] 

 
Figure 3 Photo-absorbance of the unchelated SE 

incubated under dark conditions (A)  
             and light conditions (B) 
 

Results and Discussion 
Extraction of sappanwood heartwood 
 Six batches of the crude extracts were 
collected from the extraction of sappanwood 
heartwood in 95% ethanol by the use of Soxhlet 
extraction apparatus, and 30.24 g of dried crude 
sappanwood ethanolic extract was obtained. 

Characterization of chelated SE 
 The average data and its standard 
deviations from the measurements of photo-
absorbances at 541 nm (PS541) of both chelated 
and unchelated sappanwood ethanolic extracts 
(SE) are shown in Table 1. The results revealed 
that although the unchelated SE solution was 
maintained under dark conditions, PS541 of the 
solution decreased greatly from 3.010 to 0.979 
(67.48%) for 24 h incubation, and decreased 
more from 3.010 to 0.446 (85.18%) for 48 h 
incubation (Figure 3.A). When the unchelated SE 
solution was kept under light conditions for 24 h 
and 48 h, their PS541 decreased from 3.010 to 
0.667 (77.84%) and from 3.010 to 0.282 (90.62%) 
respectively (Figure 3.B). 
 The results showed the addition of 
ammonium alum into the SE solution influenced 
PS541 of the SE solution, indicating a decrease 
from 3.010 to 2.226 (26.56%) (Table 1). However, 
there was a new peak at 573 nm after the 
chelation and this nearly disappeared after 48 h 
incubation under both dark and light conditions 
(Figure 4). Nevertheless, when the chelated SE 
solution was incubated under dark conditions for 
24 h, PS541 slightly increased from 2.226 to 
2.289 (2.82%) (Figure 4A). Meanwhile, 48 h 
incubation produced a decrease from 2.226 to 
1.371 (38.42%) (Figure 4A). For the incubation of 
the chelated SE solutions under light conditions 
for 24 h and 48 h, PS541 decreased from 2.226 
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to 1.908 (14.28%), and from 2.226 to 1.200 (46.10%) respectively (Figure 4B). 

 
 

 
 

Figure 4 Photo-absorbance of the chelated SE 
incubated under dark conditions (A) 
and light conditions (B) 

 

Conclusion 
 Although the unchelated SE was incubated 
under dark conditions at room temperature, their 
photo-absorbance decreased for 77.84% after 24 
h incubation. However, the chelation of SE by 
using ammonium alum stabilized SE solution for 
at least 24 h under dark conditions. This study 
showed that the stability of products comprising 
SE could be improved in future studies. 

Furthermore, this finding could be applied to 
maintain the efficacy of other herbal products. 
Acknowledgements 
 This study was funded by the Higher 
Education Research Promotion and National 
Research University project, Thailand’s Office of 
the Higher Education Commission. Additionally, 
the authors gratefully acknowledge the financial 
support provided by Thammasat University under 
the TU Research Scholar, Contract No. TN 
12/2555. 

References   
[1] Oksana, S., Marian, B., Mahendra, R. and Bo 

SH. 2012. "Plant phenolic compounds for 
food, pharmaceutical and cosmetics 
production". J. of Medicinal Plants 
Research. 6 (13): 2526-2539. 

[2] Hu, J., Yan, X., Wang, W., Wu, H., Hua, L. 
and Du L. 2008. "Antioxidant activity In 
vitro of three constituents from 
Caesalpinia sappan L". Tsinghua 
Science and Technology. 13 (4): 474-
479. 

[3] Pedraza-Chaverri, J., Cárdenas-Rodríguez, N., 
Orozco-Ibarra, M. and Pérez-Rojas, J.M. 
2008. "Medicinal properties of 
mangosteen (Garcinia mangostana)". 
Food and Chemical Toxicology. 46 (10): 
3227-3239. 

[4] Te-Sheng, C., Shih-Yu, C. and Hsiou-Yu, D. 
2012. "Melanogenesis Inhibition by 
Homoisoflavavone Sappanone A from 
Caesalpinia sappan". International J. of 
Molecular Sciences. 13 (8): 10359-
10367. 



วารสารวทิยาศาสตรแ์ละเทคโนโลย ีมหาวทิยาลยัอุบลราชธานี ปีที ่17 ฉบบัที ่3 กนัยายน – ธนัวาคม 2558    39 

 

 

[5] Batubara, I., Mitsunaga, T. and Ohashi, H. 
2010. "Brazilin from Caesalpinia sappan 
wood as an antiacne agent". J. of Wood 
Science. 56 (1): 77-81. 

[6] Wetwitayaklunga, P., Phaechamudb, T. and 
Keokitichaic, S. 2005. "The antioxidant 
activity of Caesalpinia sappan L. 
heartwood in various ages". Naresuan 
University J.  13 (2): 43-52. 

[7] Sireeratawong, S., Piyabhan, P., Singhalak, 
T., Wongkrajang, Y., Temsiririrkkul, R., 
Punsrirat, J., Ruangwises, N., Saraya, S., 
Lerdvuthisopon, N. and Jaijoy, K. 2010. 
"Toxicity evaluation of sappan wood 
extract in rats". J. of the Medical 
Association of Thailand. 93 (7): 50-57. 

[8] Kim, K.J., Yu, H.H., Jeong, S.I., Cha, J.D., 
Kim, S.M. and You, Y.O. 2004. "Inhibitory 
effects of Caesalpinia sappan on growth 
and invasion of methicillin-resistant 
Staphylococcus aureus". J. of 
Ethnopharmacology. 91 (1): 81-87. 

[9] You, E.J., Khil, L.Y., Kwak, J.W., Won, S.H., 
Chae, S.H., Lee, B.H. and Moon, C.K. 
2005. "Effects of brazilin on the 
production of fructose-2,6-bisphosphate in 
rat hepatocytes". J. of 
Ethnopharmacology. 102 (1): 53-57. 

[10] Hong, C.H., Hur, S.K., Oh, O.J., Kim, S.S., 
Nam K.A. and Lee, S.K. 2002. 
"Evaluation of natural products on 
inhibition of inducible cyclooxygenase 
(COX-2) and nitric oxide synthase (iNOS) 
in cultured mouse macrophage cells". J. 
of Ethnopharmacology. 83 (1-2): 153-
159. 

 

[11] Chung, T.H., Kim, J.C., Kim, M.K., Choi, 
S.C., Kim, S.L., Chung, J.M., Lee, I.S., 
Kim, S.H., Hahn, K.S. and Lee, I.P. 1995. 
"Investigation of Korean plant extracts for 
potential phytotherapeutic agents against 
B-virus hepatitis". Phytotherapy 
Research. 9 (6): 429-434. 

[12] Wu, S.Q., Otero, M., Unger, F.M., Goldring, 
M.B., Phrutivorapongkul, A., Chiari, C., 
Kolb, A., Viernstein, H. and Toegel, S. 
2011. "Anti-inflammatory activity of an 
ethanolic Caesalpinia sappan extract in 
human chondrocytes and macrophages". 
J. of Ethnopharmacology. 138 (2): 364–
372. 

[13] Choi, B.M., Lee, J.A., Gao, S.S., Eun, S.Y., 
Kim Y.S., Ryu, S.Y., Choi, Y.H., Park, R., 
Kwon, D.Y. and Kim, B.R. 2007. "Brazilin 
and the extract from Caesalpinia sappan 
L. protect oxidative injury through the 
expression of heme oxygenase-1". 
Biofactors. 30 (3): 149-157. 

[14] Baek, N.I., Jeon, S.G., Ahn, E.M., Hahn, J.T., 
Bahn, J.H., Jang, J.S., Cho, S.W., Park, 
J.K. and Choi, S.Y. 2000. "Anticonvulsant 
compounds from the wood of Caesalpinia 
sappan L". Archives of Pharmaceutical 
Research. 23 (4): 344-8. 

[15] Srilakshmi, V.S., Vijayan, P., Raj, P.V., 
Dhanaraj S.A. and Chandrashekhar, H.R. 
2010. "Hepatoprotective properties of 
Caesalpinia sappan Linn. heartwood on 
carbon tetrachloride induced toxicity". 
Indian J. of Experimental Biology. 48 
(9): 905-910. 

 
 



40     วารสารวทิยาศาสตรแ์ละเทคโนโลย ีมหาวทิยาลยัอุบลราชธานี ปีที ่17 ฉบบัที ่3 กนัยายน – ธนัวาคม 2558 
 

 

[16] Xu, H.X. and Lee, S.F. 2004. "The 
antibacterial principle of Caesalpina 
sappan". Phytotherapy Research. 18 
(8): 647-651. 

[17] Zheng, J.X., Zhou, Y.B. and Liu, Y.Z. 2008. 
"Effect of ethyl acetate extract of sappan 
wood on expression of myocardial GrB 
mRNA in rat model of allogeneic ectopic 
cardiac transplantation". Zhongguo 
Zhong Xi Yi Jie He Za Zhi. 28 (6): 537-
540. 

[18] Wongsooksin, K., Rattanaphani, S., 
Tangsathitkulchai, M., Rattanaphani, V. 
and Bremner, J.B. 2008. "Study of an 
Al(III) complex with the plant dye Brazilien 

from Caesalpinia sappan Linn". 
Suranaree J. of Science and 
Technology. 15 (2): 159-165. 

[19] Badami, S., Moorkoth, S. and Suresh, B. 
2004. "Ceasalpinia sappan a medical and 
dye yielding plant". Natural Product 
Radiance. 3 (2): 75-82. 

 


