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บทคัดย่อ 

การศึกษาผลของสารสกัดโปรตีนจากร้าข้าวต่อการยับยั้งการเกิดสีน้้าตาลเนื่องจากเอนไซม์ในผักและผลไม้บด 
โดยน้าร้าข้าวที่สกัดไขมันมาสกัดโปรตีนด้วยด่าง และตกตะกอนที่ pI น้ามาบดผสมกับมันฝรั่ง กล้วยหอม หรือแอปเปิล 
แล้ววัดค่าสี L*, a* และ b* พบว่าค่าการเกิดสีน้้าตาลของมันฝรั่ง กล้วยหอม และแอปเปิล บดผสมกับสารสกัดโปรตีนจาก
ร้าข้าวที่ระยะเวลาการเก็บ 6 ชั่วโมง มีค่าเท่ากับ 27.16, 13.29 และ 18.22 ตามล้าดับ ซึ่งต่้ากว่าตัวอย่างที่บดผสมกับน้้า
กลั่น (p≤0.05) ค่า L* ของมันฝรั่ง กล้วยหอม และแอปเปิล บดผสมกับสารสกัดโปรตีนจากร้าข้าวที่ระยะเวลาการเก็บ 6 
ชั่วโมง มีค่า 52.79, 52.68 และ 37.19 ตามล้าดับ ซึ่งสูงกว่าตัวอย่างที่บดผสมกับน้้ากลั่น (p≤0.05) และพบว่าที่
ระยะเวลาการเก็บ 6 ชั่วโมง สารสกัดโปรตีนจากร้าข้าวมีค่าร้อยละการยับยั้งการเกิดสีน้้าตาลในมันฝรั่งบด สูงกว่ากล้วย
หอม และแอปเปิลบด ซึ่งมีค่าร้อยละ 46.68, 16.76 และ 10.24 ตามล้าดับ (p≤0.05) ดังนั้นสารสกัดโปรตีนจากร้าข้าว
สามารถยับยั้งการเกิดสีน้้าตาลในผักและผลไม้บดโดยเฉพาะในมันฝรั่งบด 

 
ABSTRACT 

Effect of Rice bran protein extract (RBPE) on browning inhibition in vegetable and fruit puree was 
investigated. Protein from defatted rice bran was prepared by alkaline extraction and pI precipitation. The 
obtained RBPE was blended with potato, banana, or apple and their color values (L*, a* and b*) values 
were measured. It was found that browning values of potato, banana, and apple puree treated with RBPE at 
6 hrs storage were 27.16, 13.29 and 18.22, respectively, which were lower than those treated with distilled 
water (DW) (p≤0.05). The L* values of potato, banana and apple puree treated with RBPE at 6 hrs storage 
were 52.79, 52.68 and 37.19, respectively, which were higher than those treated with DW (p≤0.05). At 6 hrs 
storage, RBPE showed higher % browning inhibition in potato puree than banana and apple puree with the 
values of 46.68, 16.76 and 10.24 %, respectively (p≤0.05). Therefore, RBPE could inhibit browning in 
vegetable and fruit puree, especially potato puree. 
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INTRODUCTION 

Browning has a major impact on many vegetables and fruits quality. It might also produce 
undesirable changes in flavor, texture and nutritional values of the product during handling, processing and 
storage, resulting in shorter shelf life and reduce market value (Fu et al., 2005; Jang et al., 2002). There are 
several methods to inhibit browning such as applying chelators, reducing agents, acidulants, PPO inhibitor 
or avoiding exposure to oxygen (Zhu et al., 2007; Buta and Moline, 2001). Among the compounds that 
inhibit browning, sulfite is widely used for prevention of the browning reaction. However, they could create 
undesirable flavor and a problem for human health (Zhu et al., 2007; McEvily et al., 1992) and they have 
been banned by the Food and Drug Administration for most fresh food application (FDA, 1986). In addition, 
there is an increasing consumer demand for substituting synthetic compounds with natural substances 
(Jang et al., 2002). Therefore, the natural antibrowning agents have been widely investigated.  

Rice is one of the important staple food for world’s population. Rice are produced annually in 2011 
about 690 million metric tons (IRRI, 2012). This huge amount of production results in commensurate amount 
of rice by-products (Sereewatthanawut et al., 2008). Rice bran is the major by-product generated about 3-
8% of rice grain during milling process (Amissah et al., 2003). It is a source of protein, mineral, unsaturated 
fat, vitamin and dietary fiber (Abdul-Hamid and Luan, 2000). Due to its high content of hypoallergenic 
protein (Helm and Burks, 1996), rice bran has a high potential to be used as food ingredients in food 
applications.  

There were several studies about inhibition of browning in vegetable and fruit by proteins, peptides 
and amino acids such as proteins, protein hydrolysates and amino acids from milk (Kahn, 1995), peptide 
from honey (Oszmianski and Lee,1990; Ates, 2001), hen egg white lysozyme (Li et al., 2006), wheat bran 
albumin (Campas-Ríos et al., 2012), wheat bran globulin (Ortíz-Estrada et al., 2012), sericin (Thongsook 
and Tiyaboonchai, 2011), peptides from onion (Gnangui et al., 2010); however, protein from rice bran has 
not been investigated. Therefore, the objective of this research was to study the effect of rice bran protein 
extract on browning inhibition in vegetable and fruit puree.   

 
MATERIALS AND METHODS 

Materials 
Potato (Solanum tuberosum L.), banana (Musa (AAA Group) ‘Gros Michel’), apple (Malus pumila 

cv. Fuji) were purchased from local market in Bangkok, Thailand. Full-fatted rice bran from the aromatic rice 
(Oryza sativa L. cv. Khao Dawk Mali 105) was obtained from Patum Rice Mill and Granary Public Co. Ltd., 
Thailand. All chemical reagents were analytical grade.  

 

 



  
Preparation of Defatted Rice Bran 

Full-fatted rice bran was sieved through a 50 mesh screen and extracted twice with hexane at a 
ratio of rice bran to hexane at 1:3 (w/v) for 30 min, centrifuged at 4,000xg at 25 ºC for 30 min. The defatted 
rice bran was air-dried overnight under hood, ground and sieved through a 50 mesh screen and stored in 
aluminium foil bag at -20 ºC until used (Wang et al., 1999). 
 
Preparation of Rice Bran Protein Extract 

Rice bran protein was extracted by dispersing defatted rice bran in distilled water (DW) at a ratio of 
rice bran to DW at 1:4 (w/v). The pH was adjusted and maintained at 9.5 with 1.0 N NaOH during stirred 
with an overhead stirrer at 500 rpm at room temperature for 45 min, then centrifuged at 15,200xg at 25 ºC 
for 30 min. The supernatant was adjusted to pH 4.5 with 1.0 N HCl and centrifuged at the same conditions. 
The obtained precipitate was rice bran protein extract (RBPE) (Gnanasambandam and Hettiarachchy, 
1995). 
 
Browning Inhibition in Potato, Banana and Apple Puree by RBPE 

RBPE was dispersed in DW at 5% (w/v) and blended with potato, banana or apple at a ratio of 
potato, banana or apple to RBPE at 2:1 (w/v) for 20 seconds. DW was used as control. The color (L*, a*, b*) 
values of the samples were measured by a Spectrophotometer (CM-3500D, Minolta) at 0, 1, 2, 3, 4, 5 and 6 

hr(s) during storage at room temperature. Browning value was calculated from (L*/L0*)x100; when ∆L* 
was the change of L* at storage time and L0* was the initial L* measurement (Labuza et al., 1990) and % 

browning inhibition was calculated from ((∆E*control- ∆E*inhibitor)x100/∆E*control); when E* was calculated 

from ((L*)2 + (a*)2 + (b*)2)1/2 (Girelli et al., 2004).  
  

Statistical analysis  
 The experiment was performed in three replications. Statistically significant difference was 
assessed by one-way analysis of variance. Significant difference (p≤0.05) among treatments were 
detected by using Duncan’s multiple range tests. 
 

RESULTS AND DISCUSSION 
Browning Inhibition in Potato, Banana and Apple Puree by RBPE 

Browning values of potato, banana and apple puree treated with RBPE after storage at room 
temperature for 6 hrs compared to DW are shown in Figure 1. Browning values of potato and apple puree 



  
treated with RBPE were lower than those treated with DW through the storage time (p≤0.05) and browning 
value of banana treated with RBPE were lower than those treated with DW at 2-6 hrs storage (p≤0.05). It 
indicated that potato, banana and apple puree treated with RBPE had lower browning color than those 
treated with DW.  
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Figure 1  Browning values of vegetable and fruit puree treated with DW ( ) and RBPE (  ) storage at  
                room temperature for 6 hrs; A = potato, B = banana, C = apple  
a, b Means with different letters are significantly different (p≤0.05) at the same storage time. 

 
L* value is the lightness. The decrease of L* value means darker color that related with a higher 

browning formation (Sapers and Douglas, 1987). From Figure 2, it was found that L* values of potato puree 
treated with RBPE were higher than that treated with DW through 1-6 hr (p≤0.05). The L* values of banana 
puree treated with RBPE were higher than that treated with DW through 2-6 hr (p≤0.05) and L* values of 
apple puree treated with RBPE were higher than that treated with DW through the storage time (p≤0.05). It 
indicated that potato, banana and apple puree treated with RBPE had lower browning color than those 
treated with DW, which were in accordance with the results of browning value. 

According to the results of browning values and L* values, it showed that RBPE was more effective 
in browning inhibition in potato, banana and apple puree than DW. Proteins, peptides and amino acids can 
affect PPO activity in at least two ways: by reacting with the o-quinone and by chelating on copper at the 
active site of PPO (Kahn, 1995). Moreover, there were several researchers reported that rice bran contains 
antioxidative peptides and sulfur amino acids  (Parrado et al., 2006; Sereewatthanawut et al., 2008; Adebiyi 



  
et al., 2009). Thus, antioxidative activity of peptides in RBPE might play the role in browning inhibition in 
potato, banana and apple puree. Browning of potato and apple were also inhibited by whey protein (Tien et 
al., 2001), dipeptide (Girelli et al., 2004) and honey (Oszmianski and Lee, 1990). 
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Figure 2  L* values of vegetable and fruit puree treated with DW ( ) and RBPE (  ) storage at 
                room temperature for 6 hrs; A = potato, B = banana, C = apple  
a, b Means with different letters are significantly different (p≤0.05) at the same storage time. 

 
The results of % Browning inhibition of potato, banana and apple calculated from total color 

changes between sample treated with DW and RBPE are shown in Table 1. It indicated that RBPE could 
inhibit browning in potato puree more effective than banana and apple puree, respectively (p≤0.05). This 
might be due to the specific inhibition of RBPE on potato PPO isozymes more than PPO from the others. 
The PPO isozymes in plants were reported to be different (Flurkey, 1986). 

 
Table 1 % Browning inhibition of RBPE in vegetable and fruit puree storage at room temperature for 6 hrs 

Source 
% Browning inhibition (at storage time; hrs) 

1 2 3 4 5 6 
Potato 67.02 ± 2.45a 58.13 ± 2.99a 52.88 ± 1.60a 49.27 ± 1.17a 43.66 ± 1.55a 46.68 ± 0.81a 
Banana 21.89 ± 4.43b 23.31 ± 2.54b 23.23 ± 1.62b 19.82 ± 3.31b 16.89 ± 0.58b 16.76 ± 1.89b 
Apple 22.74 ± 2.98b 17.97 ± 4.05b 14.96 ± 2.21c 10.45 ± 6.65c 11.76 ± 2.16c 10.24 ± 0.97c 

a, b  Means with different letters are significantly different (p≤0.05) at the same storage time. 



  
CONCLUSION 

RBPE could inhibit browning in potato, banana and apple puree. RBPE showed % browning 
inhibition in potato puree higher than banana and apple puree. Therefore, RBPE had a potential to be used 
as a browning inhibitor in vegetable and fruit puree, especially potato puree. 
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