
		
			[image: Cover image]
		

	
    
      
        
          	
          	
        

        
          	
        

        
          	
            [ ORIGINAL ARTICLE ]
          
        

        
          	Journal of Environmental Science International - Vol. 35, No. 10, pp.913-919
        

        
          	ISSN: 1225-4517			
					(Print)
				2287-3503			
					(Online)
				
        

        
          	Print  publication date  31 Oct 2026

        

        
          	Received  31 Aug 2026
Revised  26 Sep 2026
Accepted  29 Sep 2026

        

        
          	
            JESI_2026_v35n10_913

            DOI: 
            https://doi.org/10.5322/JESI.2026.35.10.913
          
        

        
          	
            Efficacy of Sodium Ascorbyl Phosphate in the Removal of Dental Caries in Canines: A Preliminary Clinical Trial 
          
        

        
          	
            San Kim ; 
In-Hag Choi


Yeon-Woo Jeong


Tae-Ho Chung




          
        

        
          	Bio Interactions Lab., BRD Corp., Hwaseong-si 18471, Korea

        

        
          	1)Division of Companion Animal Science, Joongbu University, Geumsan-gun 32713, Korea

        

        
          	
            
          
        

        
          	
            


          
        

        
          	
            Correspondence to: *Tae-Ho Chung, Division of Companion Animal Science, Joongbu University, Geumsan-gun 32713, Korea Phone：+82-41-750-6283 E-mail： taehochung@daum.net

          
        

        
          	
Ⓒ The Korean Environmental Sciences Society. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
        

        
          	
            

            

          
        

      

      
        
          	
          	
        

      

      
        
          
            Abstract
          
        

        
          Dental caries and tartar can lead to infections and gum disease. Appropriate techniques are required to remove dental caries and tartar from companion canines to improve their oral healths. The present study investigated the efficacy of sodium ascorbyl phosphate (vitamin C derivative, STAY-C®50) for dental plagues removal in canines, as a preliminary clinical trial. The canines were randomly divided into two groups from three each: control group (CG, no treatment) and treatment group (TG, Treatment with STAY-C®50). In the TG, sodium ascorbyl phosphate (700 mg) was dissolved in water and applied to the gums near the tooth roots using a syringe in the morning and evening. Photographs were taken using QScan Plus equipment at 0, 2, 4, 6, 10, 12, 14, 16, and 20 weeks to access the efficacy of sodium ascorbyl phosphate in removing dental caries. The treatment group showed reduced dental plaque areas in the incisors and canines, and in the incisors alone, compared to the control group. However, the differences between the two groups were not significant (p>0.05). No significant differences in the ratios of clear dental area to dental plaque area of the incisors were observed at 0–6 weeks; however, significant differences were observed after 10 weeks (p<0.05). Changes in the clear dental and dental plaque areas were significantly greater in the treatment group than in the control group. The findings of this study highlight the positive effects of sodium ascorbyl phosphate on dental plagues removal in canines.

        

      

      
        Keywords: 
Canine, Clear dental area, Dental plaque area, Incisors, Sodium ascorbyl phosphate

      

    

    

  
    
      1. Introduction
      In modern society, owning a companion animal is a common phenomenon that improves the quality of life of lonely people who lack close human relationships (Kim and Youn, 2014). In South Korea, the estimated number of pet-owning households has increased, representing around one in four households, and the growth rate of the pet industry has increased by 14.1% from 1,043 billion won in 2011 to 1,568 billion won in 2014; it is expected to grow to 6,000 billion won in 2027 (Oh and Park, 2020). Companion animals have a number of physical, mental, and social health benefits for pet owners, such as acting as family members or helping with social isolation and loneliness (Allen, 2003; Smith, 2012). Concerns about companion animals and their health are growing (Cho et al., 2018). As in humans, dental caries and tartar present major problems in canines and felines. Plaque is a colorless bacterial film that forms continuously on the tooth surface. If plaque is not removed through brushing, it combines with the minerals contained in saliva and becomes calcified, hardening like a stone on the surface of the teeth to form tartar (Jin, 2017). Tartar is a source of bad breath and bacterial growth. When not removed in time, bacteria accumulate in the gums, causing inflammation. It is a multi-factorial disease, similar to gingivitis and periodontitis, which results in the destruction of the organic part and demineralization of the inorganic part of the tooth structure (Asal et al., 2021). Gingivitis and periodontitis are observed in approximately 80% of dogs aged 4 years, 82% aged 6-8 years, and 96% aged 12-14 years (Harvey, 1993; Harvey, 1998; Larsen, 2010). This is caused by the interaction between environmental and host factors (Asal et al., 2021). In addition, the alkaline saliva of canines leads to a faster calcification progress (Lavy et al., 2012), so tartar is formed within a short period of 2-3 days. Thus, other methods of caries removal are used to preserve tooth structure; they include the use of vitamin C derivatives such as sodium ascorbyl phosphate.

      Vitamin C plays an important role in collagen synthesis, providing tooth structure, support, and maintenance (Fontana, 1994; Pflipsen and Zenchenko, 2017). According to Eydou et al. (2020), vitamin C plays a crucial role in protection against dental caries. They explain that the concentration-dependent inhibitory effect of vitamin C on Streptococcus mutans, a key bacterium, is a significant contributor to the inhibition of dental caries, which has been linked to acidogenicity and aciduricity. Sodium ascorbyl phosphate, which is converted by cell phosphatases into free ascorbic acid, participates in the maintenance and healing of the periodontium (Okajima et al., 2020). It is a white to off-white odorless powder consisting of the phosphorylated sodium salt of ascorbic acid (EFSA, 2013). Information on the essential role of vitamin C in human oral health and disease is well documented; however, the role of sodium ascorbyl phosphate in the oral health of canines has not been studied in similar depth and detail.

      In this study, we hypothesized that the use of sodium ascorbyl phosphate may improve the removal of canine dental plagues. The objective of this preliminary clinical trial was to determine the efficacy of sodium ascorbyl phosphate in the removal of dental plagues in canines.

    

    

  
    
      2. Materials and Methods
      
        2.1. Sodium ascorbyl phosphate preparation
        STAY-C® 50 is a vitamin C derivative (sodium ascorbyl phosphate) with better stability in formulations than straight ascorbic acid. The STAY-C® 50 was provided by DSM Nutritional Products Ltd (Kaiseraugst, Switzerland). The chemical structure of STAY-C® 50 is shown in Fig. 1 (EFSA, 2013).

        
          
          

          Fig. 1. 
				
          

          
            The chemical structure of STAY-C® 50.
          
          

          

        

      

      
        2.2. Animals and experimental design
        The study protocol was approved by the Institutional Animal Care and Use Committee of Joongbu University (IACUC-20221101-02) and complied with the recommendations in the Guide for the Care and Use of Laboratory Animals. The canines were randomly divided into two groups with three canines in each group: the control group (CG, no treatment) and treatment group (TG, treatment with STAY-C®50). The characteristics of canines used in this study are summarized in Table 1.

        
          Table 1. 
				
          

          
            Canine characteristics
            (n=6)

          
          

        

        
          
            
              	Group1
              	Canine
              	Species
              	Age
              	Weight (kg)
            

          
          
            	CG
            	1
            	Maltese
            	2
            	2.26
          

          
            	CG
            	2
            	Poodle
            	3
            	3.96
          

          
            	CG
            	3
            	Poodle
            	3
            	4.53
          

          
            	TG
            	4
            	Maltese
            	10
            	2.45
          

          
            	TG
            	5
            	Poodle
            	5
            	4.71
          

          
            	TG
            	6
            	Maltese
            	10
            	3.59
          

        

        
          
            1CG = control group (no treatment) and; TG = treatment group (sodium ascorbyl phosphate, STAY-C®50).
          

        

        

        From November 2022 to March 2023, both groups were fed 40 g of commercial feed twice daily. In addition, both the control and treatment groups consisted only of canines that had been diagnosed with stage 1 or higher periodontitis for > 6 months. In the treatment group, sodium ascorbyl phosphate (700 mg) was dissolved in water and applied to the gums near the roots of the teeth using a syringe, in the morning and evening.

      

      
        2.3. Evaluation of dental plaque
        During the experiment, photographs were taken using QScan Plus equipment (AIOBIO, Seoul, Korea) at 0, 2, 4, 6, 10, 12, 14, 16, and 20 weeks to analyze the efficacy of tartar removal using sodium ascorbyl phosphate (Garcez et al., 2020). Photography was performed at consistent illuminance levels and monitored using an illuminometer, while the canine was lying down. The images were transferred to a computer and analyzed using Adobe Photoshop 22 (Adobe Systems Ltd., Europe). We then analyzed and computed the number of pixels for the clear area (white part) and the number of pixels for the colored plaque area (red part) in the incisor plus the canine tooth or the incisor tooth alone. The ratio of the plaque area to the total tooth area was calculated using the following equation (Fig. 2):

        
          	Ratio of plaque area (%) = Number of pixels of plaque area/Number of pixels of total tooth area× 100


        

        
          
          

          Fig. 2. 
				
          

          
            Photograph showing the ratio of the clear area (white part) to the plaque area (red part).
          
          

          

        

        The change in the ratio of the dental plaque area to the total tooth area was determined as the difference between the initial week and the next week’s ratio of plaque area (for example, clear area at 0 weeks–clear area at 2 weeks and clear area at 0 weeks–clear area at 4 weeks). The dental plaque area was calculated in the same manner as the clear dental area.

      

      
        2.4. Statistical analysis
        The results are presented as the mean ± standard error of the mean (SEM). Statistical comparisons between treatments were performed using an independent t-test and carried out using GraphPad Prism 7 software (GraphPad Software, USA). All statistical analyses were performed using SPSS version 12 software (SPSS Inc., USA), and significance was set at p<0.05 for all comparisons.

      

    

    

  
    
      3. Results and Discussion
      Fig. 3 shows the changes in the dental plaque area of the incisors plus canines or incisors alone over time (in weeks). Reduction in the dental plaque area of the incisors plus canines and incisors alone was greater in the treatment group than in the control group over time; however, the differences between the two groups were not significant (p>0.05). To our knowledge, no previous studies have reported the effects of sodium ascorbyl phosphate in companion canines. The most important finding of our study was that the use of sodium ascorbyl phosphate facilitated the enhanced reduction of the dental plaque area of the incisors plus canines or incisors alone. As in humans, dietary texture is an important factor influencing dental plaque, and calculus formation in dogs. Soft foods promote the formation of dental plaque and calculus owing to the lack of abrasive forces during mastication (Gorrel, 1998; Marx et al., 2016). Daily use of a toothbrush in canines is considered the most effective tool for the suppression of dental calculus formation (Hennet, 2006). However, the correct toothbrush and technique must be used, or the gingival tissue may be damaged and the canine will hate the process (Marx et al., 2016). Our results suggest that the efficacy of sodium ascorbyl phosphate may be associated with its combination with iron, which is related to reduced plaque bacterial growth, and the complexation of calcium, which helps reduce tartar formation (Murererehe et al., 2022). Another reason for the high rate of dental plaque in canines is the pH of their saliva. Unlike humans, dogs naturally have more alkaline saliva with pH values ranging from 8.50-8.65 that create a more favorable environment for dental plaque and calculus deposition (Harvey, 2005; Fejerskov and Kidd, 2008; Lavy et al., 2012). In addition, sufficient saliva is required, regardless of the two points above. This implies that salivary calcium and phosphate concentrations or salivary alkaline phosphatase levels should be maintained to balance demineralization and remineralization (Shahrabi et al., 2008). Additionally, vitamin C may be associated with erosive tooth wear owing to its acidity (pH 2.5) (Murererehe et al., 2022). In this study, other possible mechanisms of reducing the dental plaque area could have played a role in maintaining an appropriate pH using sodium ascorbyl phosphate, as it exerts several beneficial effects on the oral health of canines.

      
        
        

        Fig. 3. 
				
        

        
          Changes in dental plaque area of (A) incisors plus canines and (B) incisors alone over time (in weeks). Treatments mean: CG = control group (n = 3); TG = treatment group (n = 3). The results are presented as the mean ± standard error of the mean (SEM).
        
        

        

      

      The changes in the ratios of the clear dental area (white part) to the plaque area (red part) in the incisors over time are presented in Fig. 4. For the changes in the ratios of the clear dental area (A) to the plaque area (B) of the incisors, no significant difference between the groups was observed at 0–6 weeks, while significant differences were observed after 10 weeks (p<0.05). Over time, the changes in the clear dental area were significantly greater in the treatment group than in the control group. In addition, the treatment group (that was supplemented with sodium ascorbyl phosphate) exhibited a significant reduction in the dental plaque area (the red part). As shown in Fig. 4, treatment with sodium ascorbyl phosphate appeared to have a short-term effect on the removal of dental plaquecaries in canines, but showed even better results when administered long-term. This suggests that after 10 weeks, the pattern between the treatment and control groups differed, and this difference could indicate a positive response to dental plaque management. The increase in the clear dental area and the decrease in the dental plaque area of the incisors could be explained by the efficacy of sodium ascorbyl phosphate mentioned above.

      
        
        

        Fig. 4. 
				
        

        
          Changes in the ratios of the (A) dental clear area (white part from Figure 2) and (B) dental plaque area (red part from Figure 2) in incisors over time (in weeks). Treatments mean: CG = control group (n = 3); TG = treatment group (n = 3). The results are presented as the mean ± standard error of the mean (SEM). *Bars are significantly different at p<0.05.
        
        

        

      

    

    

  
    
      4. Conclusions
      This study aimed to evaluate the efficacy of vitamin C derivatives such as sodium ascorbyl phosphate in removing dental caries in canines through a preliminary clinical trials. The present study suggests that sodium ascorbyl phosphate could be used to enhance the reduction of the dental plaque area of the incisors plus canines or incisors alone in canines. In addition, treatment with sodium ascorbyl phosphate increased the clear dental area of the incisors and reduced the dental plaque area of the incisors more efficiently after 10 weeks.
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(4) Dental plaque area of the incisors plus canines.
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Changes of clear area

(A) Changes in the clear dental area (white part).
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(B) Changes in the dental plaque area (red).
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