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 Summary
   Adequate nutrient content of feed is considered seriously to      

swine industry in these days. First of all, amino acid content in 

swine feed is regarded as the most important thing among nutrients. 

However, dietary amino acids as feed additives were supplemented 

and it became big burden to feed company as well as farm. Also, 

some of amino acids in feed were not utilized efficiently and 

excreted as the form of manure subsequently it caused a severe 

economic loss. Therefore, it is important to improve the efficiency 

of amino acid utilization in swine diet. 

   This study was conducted to evaluate effects of Sanguinarine for 

improving amino acids efficiency on growth performance, carcass 

characteristics and blood profiles in growing-finishing pigs. 

Sangrovit® is a standardized product containing 1.75% Sanguinarine 

per kg. A total of 64 growing pigs ([Yorkshire × Landrace] × 

Duroc), average initial BW 35 ±0.22 kg, were used and pigs were 

alloted to 1 of 4 treatments with 4 replicates in a randomized 

complete block (RCB) design. Treatments were: 1) C100 (100% of 

crude protein and amino acid requirements in NRC without 

SangrovitⓇ), 2) S90 (90% of crude protein and amino acid 

requirements in NRC with SangrovitⓇ 40ppm), 3) C85 (85% of 

crude protein and amino acid requirements in NRC without  

SangrovitⓇ), and 4) S85 (85% of crude protein and amino acid 

requirements in NRC with SangrovitⓇ 40ppm).

   In results of feeding trial, supplementing Sanguinarine had no 

significant effects on body weight, average daily gain (ADG), 

average daily feed intake (ADFI) and Gain:Feed ratio in 

growing-finishing period. Also, any negative effect was not observed 
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in growth performance during experimental period.

   In pork quality, pH of loin after slaughter had no significant 

difference among treatments and Sanguinarine treatments showed the 

pH value similar to consumer's preference. Although there was no 

significant difference in meat color, Sanguinarine treatments had L 

value 42~46 that consumer preferred mostly. Also, Sanguinarine 

treatments had low shear force value although it was not significant 

difference. Lower shear force represented that consumer taste is 

more softer, resulting in increasing the preference of consumer. As a 

result, pork from Sanguinarine supplemented could be considered 

attractingly to consumer though there were no significant difference 

in carcass characteristics. 

   In blood profiles, there was no significant difference in cortisol 

concentration during the whole experimental period. However, 

Sanguinarine treatments showed lower cortisol concentration 

numerically in 6 week and 13 week. It demonstrated that 

Sanguinarine had a positive influence on alleviating stress of pigs. 

In blood amino acid concentration, there were significant differences 

in tryptophan at 6 week (P<0.05), in leucine, lysine (P<0.05) and 

isoleucine, threonine, tryptophan, valine (P<0.01) at 10 week. These 

results demonstrated that supplementing Sanguinarine had a 

correlation with availability of tryptophan except for other amino 

acids. 

   Consequently, these results demonstrated that supplementing of 

Sanguinarine in growing-finishing pigs' diet had no negative effects 

on growth performance. Moreover Sanguinarine could improve pork 

quality, availability of amino acid and reduce stress hormone level 

in growing-finishing pigs.  
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I. Introduction

Feed prices are considered the most important part in Korean 

swine farms because approximately 50 to 70% of the feed prices  

accounts for total cost of pig production. In addition, pig production in 

Korea is exposing several obstacles which interfere with developing of 

swine industry. Internally, diseases such as PED or FMD have 

occasionally occurred and the settlement FTA, externally, US and  

European Union showed approximately 30% higher swine productivity 

than that of Korea. For these reasons, swine industry in Korea needs to  

eradicate these chronic diseases and increase productivity of swine farm 

for international competitiveness. To resolve these kinds of problems, 

increment of nutrients utilization in diet is regarded as one of the best 

way in animal feed industry. 

In particular, various studies for enhancing efficiency of feed in 

swine nutrition such as energy, proteins, and carbohydrates have been 

conducted previously. However, it is very difficult to improve efficiency 

of amino acids in diet. There is a way to use alternative feed 

ingredients for enhancing absorption rate of amino acids in a digestive 

organ without additional amino acids supplement for decreasing amino 

acids contents in feed. It is proved that supplementation of Sanguinarine 

in feed could increase bioavailability of amino acids, thereby, reducing 

content of amino acids in diet. 

Consequently, this study was conducted to evaluate the effects of 

supplementation of Sanguinarine on growth performance, carcass 

characteristics and blood profiles and amino acid availability in 

growing-finishing pigs.
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II. Literature Review

1. Amino acids requirement for growing-finishing pigs
 

     Swine is influenced by a number of nutritional factors: energy, 

protein, amino acids, minerals, vitamins and all that sort of things. 

Among of nutrients, the most important nutrient would be amino acid 

and its bioavailability. Especially, essential amino acid is more 

important because it is not synthesized in pig's body. If a dietary 

essential amino acids are insufficient, the growth performance of swine 

could have a negative effects. The amino acid requirements are 

adjusted as the stage of pig growth. For this reason, the research for 

the required amount of amino acids in each growth stage of swine is 

very important.  Therefore, it is recommended to use the required 

amount of amino acids in each growth period know exactly.

Table 1. Amino acids requirements for growing-finishing pigs (NRC 2012).

Item 25-50 50-75 75-100 100-135

Arginine 0.45 0.39 0.33 0.28
Histidine 0.34 0.29 0.25 0.21
Isoleucine 0.51 0.45 0.39 0.33
Leucine 0.99 0.85 0.74 0.62
Lysine 0.98 0.85 0.73 0.61
Methionine 0.28 0.24 0.21 0.18
Methionine + cysteine 0.55 0.48 0.42 0.36
Phenylalanine 0.59 0.51 0.44 0.37

(Continue)

Body Weight Range (kg)

Standardized ileal digestible basis (%)
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Phenylalanine + tyrosine 0.92 0.80 0.69 0.58
Threonine 0.59 0.52 0.46 0.40
Tryptophan 0.17 0.15 0.13 0.11
Valine 0.64 0.55 0.48 0.41
Total nitrogen 2.11 1.84 1.61 1.37

Arginine 0.41 0.34 0.29 0.24
Histidine 0.32 0.27 0.24 0.19
Isoleucine 0.49 0.42 0.36 0.30
Leucine 0.94 0.81 0.69 0.57
Lysine 0.94 0.81 0.69 0.57
Methionine 0.27 0.23 0.20 0.16
Methionine + cysteine 0.53 0.46 0.40 0.33
Phenylalanine 0.56 0.48 0.41 0.34
Phenylalanine + tyrosine 0.87 0.75 0.65 0.54
Threonine 0.54 0.47 0.41 0.35
Tryptophan 0.16 0.13 0.12 0.10
Valine 0.59 0.51 0.44 0.36
Total nitrogen 1.88 1.62 1.40 1.16

Arginine 0.50 0.44 0.38 0.32
Histidine 0.39 0.34 0.30 0.25
Isoleucine 0.59 0.52 0.45 0.39
Leucine 1.13 0.98 0.85 0.71
Lysine 1.12 0.97 0.84 0.71
Methionine 0.32 0.28 0.25 0.21
Methionine + cysteine 0.65 0.57 0.50 0.43
Phenylalanine 0.68 0.59 0.51 0.43
Phenylalanine + tyrosine 1.08 0.94 0.82 0.70
Threonine 0.72 0.64 0.56 0.49
Tryptophan 0.19 0.17 0.15 0.13
Valine 0.75 0.65 0.57 0.49

Total nitrogen 2.51 2.20 1.94 1.67

Total basis (%)

Apparent ileal digestible basis (%)

1.1 Lysine requirement 

     

     Lysine is the most important essential amino acids in the swine 
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feed. It is the first limiting amino acid in most swine feed (Southem 

1991; Kerr, 1993). For this reason, dietary lysine is the most important 

factor in the growth of pigs (Johnston et al., 1990). Also, the lysine 

content of the feed is important economically throughout swine 

production industry. It is suggested that the proper amount of essential 

amino acids in animal feed is no an option.  Because of these reasons, 

It is important to show proper amount of lysine by following the step 

by step growth of pigs. 

     The total lysine requirement in growing pigs between 20 to 50 

kg is recommended as 0.97% ~ 1.12%  by NRC (2012). And total 

lysine requirement in finishing pigs between 75 to 135 kg is 

recommended as 0.84% ~ 0.71% by NRC (2012). 

     The dietary lysine requirement is important because there are a 

few things. Firstly, In Korea, there are main ingredients, such as corn, 

soybean meal, rapeseed meal, palm kernel meal etc, for producing of 

swine feed. The problem with grain feed is insufficient to match the 

required amount of amino acids. Although corn does not have enough 

amount of essential amino acids, it is the main ingredient of swine diet 

in order to fit the dietary energy and growing - finishing pigs diets 

contain more than 50% of corn. For instance, lysine content of corn 

does not reach dietary lysine requirements as 0.25% (NRC 2012). 

Therefore, another ingredient should be used in swine diet such as 

soybean meal. Lysine content of soybean meal is more than 10 times 

higher (2.76%, NRC, 2012) than that of corn, subsequently it can 

compensate for lysine amount when soybean meal is supplemented in 

corn-based swine diet.  

     Secondly, Lack of dietary lysine can cause serious symptoms. 
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Dietary lysine deficiency can be lowered to either delay the growth or 

feed efficiency (Hamilton and Veum, 1986). Also, lacking of dietary 

lysine caused whole-body protein turn over and inhibited the protein 

accretion (Fuller et al., 1987; Salter et al., 1990). In addition, a lack of 

essential amino acids can reduce feed intake (Gietzen et al., 1998; 

Smriga et al., 2000, Chang and Wei, 2005). Therefor, it is important 

to know exactly used in accordance with the dietary lysine requirement 

in exact growth stage of the pigs. 

 

1.2 Methionine and cysteine requirement 

  

     Methionine is classified as the second or third limiting amino 

acids in swine feed. There are two forms (D- and L- form) of  

methionine are available but efficacy of D-form methionine is poor 

compared to L-form.  As the price of the L-form so expensive, 

synthetic methionine is selling as mixed both D-form and L-form. 

Therefore, DL-methionine is widely used in animal feed industry but 

its bioavailability is lower than that of L-methionine (Reifsnyder et al., 

1984; Chung and Baker 1992).  

     Methionine is the second limit amino acid other than lysine in 

growing-finishing pigs feed as the sulfur-containing amino acids 

(Russell et al., 1983). As methionine cannot be synthesized in the 

body, it should be supplied as the form of feed. When methionine 

content in swine diet is not enough, it is the problem not only 

methionine deficiency but also other S-containing amino acid, cysteine, 

deficiency. Swine diet should contain a proper amount of cysteine 
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because cysteine can be converted from methionine when dietary 

cysteine content is not enough. That is why relationship between 

methionine and cysteine is complemantary (Chung and Baker, 1992; 

Yang et al., 1997; Zimmermann et al., 2005). Requirement of 

methionine in growing pigs (25 ~ 75kg) did only a 0.28 to 0.32 %, 

add up to the requirements of cysteine, which can be synthesized from 

methionine amounts to from 0.57 to 0.65 % (NRC, 2012). Methionine 

requirements in finishing pig (75 ~ 135kg) was 0.21 to 0.25 percent, 

but the requirement of methionine + cysteine is 0.43 to 0.50% (NRC, 

2012). As methionine can produce cysteine in animal body, adequate 

cysteine content is essential to save an expensive amino acid, 

methionine. The lack of cysteine which is precursor of glutathione 

could lower the detoxification power of liver. When dietary content of 

cystine or cysteine is not enough to the animal, the feed intake and 

growth performance would be decreased (Baker et al., 1969). 

Consequently, when the swine feed is formulated, adequate amount of 

methionine should be contained and requirement of cysteine should be 

considered.  

  

1.3 Threonine requirement 

   

    Threonine was usually accepted as the third limiting amino acid 

in swine diets. Recently, the synthetic threonine is available, and there 

are two forms of isomers (D-and L-form) but D-form of threonine 

cannot be utilized efficiently in animal body. 

    Threonine requirements is 0.64 to 0.72 % in growing pigs (25 ~ 

75 kg), and pigs (75 ~ 135kg) from 0.49 to 0.56 % in finishing pigs 
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(75 ~ 135kg) (NRC, 2012). Establishing the proper requirement of 

threonine and adding moderate supplementation are very important 

because the price of threonine among synthetic amino acids is the 

most expensive. Not only the content of threonine, but also relative 

ratio of threonine and lysine should be considered to maximize its 

bioavailability of dietary threonine. That is because threonine has a 

biological interaction with lysine when they formulated ideally, 

promotes the growth of pigs and acts an antilipotropic factor.  In terms 

determine the ratio by various experiments, threonine: lysine ratio 

should be a range of 0.60 to 0.75 percent (Fuller et al., 1989; Wang 

and Fuller, 1989; Fuller and Wang, 1990; Baker et al., 1993; Cole and 

van Lunen, 1994; Boisen et al., 2000). Plitzner et al. (2006) reported 

that proper threonine:lysine ratio is 0.68% considering the growth of 

finishing pigs. This result indicated that both dietary amino acids 

should be taken into consideration when swine diets supplemented.  

1.4 Tryptophan requirement 

   

     Tryptophan is considered the second limiting amino acid in 

corn-based diet (Burgoon et al., 1992). The main function of 

tryptophan is the synthesis of protein which is one of the materials, 

however, it plays an important function in hormone metabolism. 

Making tryptophan metabolism was achieved via two major pathways, 

one for serotonin (hydroxytryptamine, 5HT), which was related to the 

biosynthesis route and (B, Pastuszewska et al., 2007), and the other 

pathway was the kynurenine. Metabolism of serotonin is considered to 

be important in animal feed industry because it is normally associated 
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with animal stress resistance, feed intake, the hormone (S`eve, 1999). 

Therefore, low concentration tryptophan was occurs several negative 

phenomena. If there was insufficient in tryptophan, animal feed, feed 

intake and growth performance had been known to decrease (Henry 

and Pastuszewska, 1976; Montgomery et al., 1980; Henry et al., 1992). 

     For these reasons the requirement of tryptophan should be met 

for pigs to prevent negative problems. Requirements of tryptophan was 

0.17 to 0.19% in growing pigs (25 ~ 75 kg), and 0.13 to 0.19% in 

finishing pigs (75 ~ 135 kg) (NRC, 2012).  Tryptophan deficiency in 

growing - finishing pig can be observed because its content in corn is 

very low (NRC, 2012). In contrast, the content of tryptophan in 

soybean meal is approximately 0.59% which is about 10 times higher 

than that of corn. When high percentage of corn is used in swine diet, 

tryptophan deficiency should be considered. When soybean meal is 

used more than 30% in swine diet, there is no need to consider 

tryptophan deficiency. 

     If dietary tryptophan is deficient in the diet, various problems  

can be occurred, particularly in hormone metabolism. Serotonin and  

melatonin are biological connection with tryptophan and their function 

regulates numerous metabolism of organism. The lack of tryptophan 

made an aggressive behavior and more sensitive pain and hearing in 

animals. (Floc'h and seve, 2007). In addition, male to male mounting 

behavior was increased when animal consumed tryptophan deficient 

diet (Carruba et al., 1997). The deficiency of tryptophan in feed 

caused abnormal behavior and negative performance in growth (Ettle 

and Roth, 2004). Henry et al. (1996) reported that insufficient dietary 

tryptophan resulted in decreasing feed intake in growing pigs. On the 
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contrary, excessive tryptophan content in feed compard to its 

requirement reduced the aggressive act of pigs (Martinez et al., 2009) 

and also alleviated their stress (Adeola and Ball, 1992). For this 

reason, it is important to establish the requirement of tryptophan 

amount will the appropriate dietary tryptophan. In addition to above 

statements, tryptophan affects some other biological metabolism 

therefore establishing proper amount of tryptophan requirement with 

considering many conditions is important. 

2. Characteristics of Sanguinarine 

2.1 Source of Sanguinarine

    

     Sanguinarine, a quaternary benzo[c]phenanthridine alkaloid, is 

extracted from the rhizomes of Sanguinaria canadensis (Blank et al., 

2010). Sanguinaria canadensis is usually referred to as blood root 

because rhizomes contained an acrid red-orange juice (Mahady et al., 

1993) which included a substance called Sanguinarine (Figure 1).    

     Historically, this plant has been widely used as a medicine by 

native American Indians regarding rheumatism, asthma, bronchitis, and 

emetic (Foster and Duke, 1990). Starting with this historical 

background, Sanguinarine has been currently used in the additive for 

animals. The main production area of this plant is eastern North 

America. 
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Figure 1. Diagram of a blood root

2.1.1 Sanguinarine extraction

   

     Sanguinaria canadensis is dried or pelleted in the field after 

harvest and then ground or extracted from concentrate. This is mixed 

with the two materials and stabilized and can be used as additives 

which is fed to the animals (Figure 2). After mixing ground and 

extracted one together, this can be used as additives which is fed to 

the animals. Sanguinarine has a wide range of biological effects, 

particularly it is widely known as be effective in antibiotic and 

anti-inflammatory action (Dvorak and Simanek, 2007). 
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Figure 2. Sanguinarine extraction process

 

 2.1.2 Sanguinarine side effects 

   

    The plant extracts might exist a lot of various side effects. 

Sanguinarine is no exception. If a less or have a short period of time, 

there is no problem Sanguinarine intake. However, In case of 

long-term or overdose, the dose could result in side effects. For 

example, bloodroot should cause side effects such as nausea, vomiting, 

stomach pain, diarrhea, visual changes, paralysis, fainting, 

hepatotoxicity and embryonic toxicity (McGuffin et al., 1983; Felter 

and Lioyd, 1898). On the other hand, Keller and meyer (1989) 

reported that Sanguinarine did not cause any negative effect on the 

reproduction in rats or rabbits. For the same reason as above, when 
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Sanguinarine was provided overdose it may be caused various 

problems. That’s why toxic materials should be removed natural 

Sanguinaria by various methods then it can be a commercialized 

Sanguinarine. When  Sanguinarine was provided overdose, its side 

effects would be occurred in humans and small animals. However, 

Therefore, this kind of problem would not be occurred as long as  it 

was supplemented as feed additives in animal feed. 

2.2 Sanguinarine experiments in vitro

    

    Sanguinarine is generally exhibited two main effects in vitrot,  

one protects aromatic amino acids and the other improves 

anti-microbial effect (Figure 3). 

    Firstly, in terms of explaining the protective effect about aromatic 

amino acids, Sanguinarine preserves L-aromatic amino acids from 

decarboxylation (Lenfeld et al., 1981). Sanguinarine, a quaternary 

benzo[c]phenanthridine alkaloid, is found to inhibitors of aromatic 

amino acid decarboxylase (Drsata et al., 1996). The molecular structure 

of Sanguinarine is similar to that of aromatic amino acids. 

Sanguinarine can be neutralized by the aromatic amino acid 

decarboxylase reacts with preserved intact without decomposition of 

amino acids. As a result, Sanguinarine is decomposed by the 

decarboxylation enzyme in place of aromatic amino acid. For this 

reason, Sanguinarine prevents the loss of the aromatic amino acids 

(tryptophan and phenylalanine). 

    Secondly, Sanguinarine as a feed additive has shown 
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anti-microbial properties in vitro (Wesoly and Weiler, 2012). It is 

evaluated for antifungal activity against seven phytopathogenic fungi in 

vitro (Yang et al., 2012). In this experiment, Sanguinarine was proved 

as good substance as anti-phytopathogenic fungal agents. Also, 

Robbins and Gebreyes (2006) demonstrated that Sanguinarine has 

anti-bacterial action against Salmonella. These previous results showed 

that Sanguinarine has positive effects on anti-microbial property as a 

feed additives.

Figure 3. Metabolism of Sanguinarine

2.3 Sanguinarine experiments in vivo

    

     Sanguinarine has diverse effects on mono-gastric animal. In the 

research of Tschirner et al. (2003), Sanguinarine experiment was 

conducted in view of the point that has the effect of interfering with 

amino acid decarboxylase (AADE) in vitro (Drsata et al., 1996). 

However, this experiment didn't prove that AADE inhibitory effect of 
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Sanguinarine in growing pig. Also, there is no significant difference in 

growth performance of growing pigs. Similarly, In the research of 

Blank et al. (2010), reducing the amount of dietary tryptophan, but 

added to Sanguinarine, only the difference between growing pig's 

performance in accordance with the content to tryptophan was 

observed. Therefore, this result demonstrated that supplementation of 

Sanguinarine could be no effect on tryptophan availability in pig's 

diets. On the other hand, supplementation of Sanguinarine increased 

body weight, feed intake, feed conversion ratio in broiler (Vieira et al., 

2008). However, these experimental results are only part of the 

experiment Sanguinarine. In the research of Zdunczyk et al. (2010), 

although the supplement of Sanguinarine brought some positive effect 

on cecal fermentation in broilers, the growth performance could not 

confirm any negative effect. It has been reported that feeding broilers 

of Sanguinarine showed a significantly increased activity of mucosal 

maltase and reduced duodenal villus height (Jankowski et al., 2009). 

3. Effects of Sanguinarine
3.1 Improving amino acid availability 

     

     One of the greatest effect of Sanguinarine is that it would 

enhance the use efficiency of the amino acid in the in vitro conditions 

(Drsata et al., 1996). This was given by Sanguinarine inhibited an 

enzyme called amino acids decarboxylase (AADE) in the small 

intestine. For this reason, it did not cause degradation of amino acid 

due to the increased utilization efficiency. The AADE caused the 
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decarboxyltion to emit CO2 of the amino acid in the various animal 

organizations. It changed the a-amino acids with amine and emitted 

CO2. That is why intestinal micro-organisms produce toxic amine 

through decarboxylation of amino acids. Given the above Sanguinarine 

prevents and stops the growth of intestinal bacteria decarboxyltion 

amino acids in the sequence of the process is changed to the amine, 

and contribution to the amino acid efficiency. 

Sanguinatine contributes to the amino acids usage efficiency because it 

prohibits the growth of intestinal bacteria and decarboxylation that 

changes amino acids into amine (Figure 4). 

Figure 4. Amino acid changing process

3.1.1 Correlation of tryptophan

  

     Various effects can be obtained by adding the Sanguinarine,  for 

example, the amino acid can be used to enhance efficiency. Among 

those, the greatest potential is increasing the efficiency in the use of 

tryptophan. That is because Sanguinarine prohibits the action of the 

aromatic L-amino acid decarboxylase among the amino acid 

decarboxlase. Especially, the composition of 5-hydroxytryptophan is 
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reduced because aromatic L-amino acid decarboxylase has a big 

special affinity with 5-hydroxylase.  The 5-hydroxytryptophan 

tryptophan to catalyze the hydroxylation of L-tryptophan by 

hydoxylase, generates a 5-hydroxytryptophan so that the synthesis of 

serotonin also increases because 5-hydroxytryptophan works as a 

precursor for synthesis of serotonin in brain.

3.1.2 Tryptophan-serotonin pathway

  

     The tryptophan and serotonin are closely associated with appetite 

in swine diets (Huether et al., 1999). Tryptophan is the precursor of 

serotonin (Figure 5). Therefore, if this is the lack of dietary tryptophan 

and serotonin, which is also due to lack of feed intake is insufficient 

(Peisker et al., 1998). In addition, the secretion of serotonin is 

involved in the stress got to the swine. Serotonin levels are elevated 

swine was observed that the higher the pH of the meat decreases the 

expression of PSE meat (Adeola and Ball, 1992). For all those 

reasons, improving the efficiency of dietary tryptophan could increase 

secretion of serotonin and this contributes to increase feed consumption  

of pigs and also to alleviate stress during their growth.

Figure 5. Tryptophan-serotonin pathway
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3.2 Antibiotic effects 

 

     Killing of bacteria was the first verification of the effects of 

Sanguinarine which are effective for increasing the immune indicators. 

Sanguinarine has been used for the first time for humans, not animals. 

Its purpose was to determine the oral cleaner or toothpaste to kill oral 

bacteria which were able to confirm that demonstrate superior effects 

(Eley, 1999). Today, Sanguinarine is used as additives in animal feed, 

mainly for increasing the immunity indicators of the animal helped 

keeping health (Lenfeld et al., 1981). Especially, Sanguinarine 

increased antibacterial properties (Kosina et al., 2004) and 

bacteriostatic effects (Lindermayer, 2005). In addition, white blood 

cells are subjected to much influence on the addition level of 

Sanguinarine (Agarwal et al., 1997). This is because the role of  

Sanguinarine increases the immunity. 

3.2.1 Phagocytosis

 

     Body of the living things, foreign substances such as bacteria, 

virus and fungi could be brought into the body because it is exposed 

to the outside. However, white blood cells eliminate these substances, 

this action is referred to as the phagocytosis or endocytic, cytophagic. 

A white blood cell that is called macrophage phagocytosis and 

macrophages makes a foreign substance such as bacteria of a material 

harmless before it gets into the cell. The Sanguinarine helps these 

phagocytosis (Ahmand et al., 2000; Slaninova et al., 2001). This 

material has been used for a long time in order to improve the 

immune system in human body. However, this material is being used 
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is relatively recent in swine. Gudev et al. (2004) reported that the 

higher phagocytic index in growing pigs fed diets added Sanguinarine 

was observed. Phagocytic index reflects a percentage of the total 

number of inoculated bacteria and white blood cells. The major 

function of neutrophilic granulocytes in white blood cells is to prevent 

infection of foreign materials in the host environment (Ahens, 1993). 

And, other indicators could be confirmed with a positive immune 

influence. Sanguinarine protects the body through enhancing the 

defense activity in the body by allowing the inoculated action 

vigorously. 

3.2.2 Immuno-modulation and anti-inflammation

 

     Schiff (1987) and Schmeller et al. (1997) reported that 

Sanguinarine and Berberine alkaloids family of plant extracts interfered 

such as multiplication of bacteria, viruses, fungi, etc. This is because 

the influence on Sanguinarine Nuclear factor kappa beta (NF-kB). 

Inflammatory genes, NF-kB plays a role, such as a main switch for 

controlling inflammation in the body. Usually, the waiting is in a 

disabled state in protein, if a cell in the animal body is exposed to the 

pathogen or toxin by the stress and the NF-kB is expressed. It was 

immediately respond to the risk of causing an inflammatory response 

to protect themselves penetrate into the inside of the body. Therefore, 

it is possible to inhibit expression of inflammatory diseases caused by 

infection with bacteria or viruses by inhibiting NF-kB. Madan et al. 

(1994) represented that Sanguinarine functioned completely block the 

activity of NF-kB. There has not been clear explanation on this 
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process, however, Sanguinarine may forbid microbial activity such as 

bacteria, virus, and fungi by preventing inflammation response. 

3.2.3 Sanguinarine and glutathione

     

     Glutathione, or GSH, is essential for protecting cellular 

membranes from being destroyed. Compounds called free radicals are 

highly reactive molecules and it left unchecked will destroy cellular 

membranes. Vitamin E and GSH-Px are two molecules that help 

prevent this damage. Glutathione (GSH) acts to remove the active 

oxygen in the cell. To remove free radicals is very important for cell 

survival within the cell and GSH which is oxidized by being reacted 

with active oxygen instead of other molecules plays a role in removing 

active oxygen. Sanguinarine helps preventing from being destroyed in 

the cell GSH activity is taking place (Debition et al., 2003). The GSH 

is protected by being removal of the body within the free oxygen 

radicals can take place smoothly and to call up the inhibition of 

various diseases.

 3.3 Stress regulation

     Stress is a phenomenon that appears in all animals, large or 

small, are under stress biology (Wingfield and Ramenofsky, 1999). 

Several phenomena occur are subject to stress from the animal, and 

typically can appear several hormone (ACTH, glucocorticoids, 

catecholamines, prolactin) response (Matteri et al., 2000). Among these 

the most common stress hormone is a cortisol. 

     Cortisol are secreted from the adrenal cortex (McGlone et al., 
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1993) and its secretion of the appropriate amount of time under stress 

is protecting the body from stress stimulus, but long-term secretion of 

cortisol elevates blood pressure and mental fatigue and weakens the 

immune system against various debilitating diseases. Therefore, the 

regulation of stress in animal's position is quite important, the 

regulation of stress should be controlled in swine production. Pigs can 

not regulate stress by themselves in case of social stress (Parrot and 

Mission, 1989) and heat stress (Becker et al., 1985), they can be 

controlled by external factors such as management of swine producers, 

feed, feed additives, etc. 

 3.3.1 Correlation of cortisol

     

     Cortisol is an index that evaluates the various stresses in the 

body (Broom and Johnson, 1993; Terlouw et al., 1997). Especially, 

blood levels of cortisol in animals is very important to evaluate the 

current status of the animal (Palme et al., 1996). Cortisol deeply 

related to the NF-kB, Sanguinarine will serve to prevent NF-kB 

activation (Madan et al., 1994). When the switch is off on the NF-kB, 

a stress hormone cortisol secretion is reduced. Thus, the more reduced 

the activity of NF-kB decreased the risk of exposure to infection and 

disease by reducing the secretion of the stress hormone cortisol. 

(Sephton et al., 2009). In addition, high cortisol secretion is caused 

mainly in the long-term stressful situations (Munck et al., 1984). It is 

thought that Sanguinarine addition in feed could relieve the stress for 

animals suffering continuous stress and showing some physical 

disorder. 
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Ⅲ.   The Effect of  Supplementation of 
Sanguinarine on Growth Performance, Carcass 
Characteristics, Blood Profiles and Economic 

Analysis in Growing-finishing Pigs

Abstract: This experiment was conducted to evaluate effects of 

Sanguinarine on growth performance, carcass characteristics, blood 
profiles, economic analysis in growing-finishing pigs. A total of 64 
growing pigs ([Yorkshire × Landrace] × Duroc; 35.6 ± 0.22 kg 
initial BW) were used in 13-week growth trial.  Growing pigs were 
blocked by body weight and gender. A total of 64 growing pigs 
were allotted to 1 of 4 treatments with 4 replicates in randomized 
complete block design (RCBD). Sangrovit® is a standardized product 
containing 1.75% Sanguinarine per kg. Dietary treatments were: 1) 
C100 (100% of crude protein and amino acid requirements in NRC 
without SangrovitⓇ, 0 ppm), 2) S90 (90% of crude protein and 
amino acid requirements in NRC with SangrovitⓇ 40 ppm), 3) C85 
(85% of crude protein and amino acid requirements in NRC without  
SangrovitⓇ , 0 ppm), and 4) S85 (85% of crude protein and amino 
acid requirements in NRC with SangrovitⓇ 40 ppm). All other 
nutrients were met or exceeded the requirement of NRC (1998). In 
the results of growth performance, supplementing Saguinarine had no 
significant effects on average daily gain (ADG), average daily feed 
intake (ADFI), and G/F ratio during the whole experimental period. 
However, G/F ratio at finishing phase (7-13 weeks) was increased 
numerically when pigs were fed diets containing Sanguinarine. 
Likewise, pH and meat color at 24 hours after slaughter were 
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improved numerically as supplementation of Sanguinarine. Water 
holding capacity (WHC) and cooking loss had no significant 
differences among treatments and shear force was decreased 
numerically when pigs were fed diets containing Sanguinarine. 
Numerically lower concentration of cortisol of Sanguinarine 
treatments was observed in 7-13 weeks. During growing phase (0-6 
weeks), S85 treatment showed higher serum concentration of amino 
acids compared with that of C85 treatment, especially in tryptophan 
at 6th week with significant difference (P<0.05). However, serum 
concentrations of amino acids in finishing phase I (7-10 weeks) 
were increased when pigs were fed C100 treatment. Consequently, 
supplementing Sanguinarine had positive effects on pH, meat color 
at 24 hours after slaughter and improved G/F ratio at finishing 
phase. Consequently, Improved the utilization of the amino acids 
with the supplementation of Sanguinarine could not be confirmed. 
However, carcass characteristics and stress reduction had been able 
to confirm the positive effect in growing-finising pigs.

Key words : Amino acids, Blood profiles, Carcass characteristics, 
Growth performance, Growing-finishing pigs, Sanguinarine  
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Introduction

   Soybean meal (SBM) have been widely used in swine feed as 

feed ingredients in South Korea. It is regarded as a main reason of 

increased feed cost because its price was elevated dramatically 

compared to other feed ingredients, such as corn, wheat and barley. 

To decrease supplementation level of SBM and save feed cost, 

various experiments were conducted for finding alternative protein 

sources and method to increase amino acid availability. 

   Establishing supplementation levels of feed ingredients were 

related to other factors and it was hard to separate random and 

treatment effects. Therefore, the experiments to decrease cost of 

swine production as well as increasing swine productivity were 

concentrated on improving amino acid availability by feed additives, 

such as exogenous enzymes, acidifier, prebiotics, probiotics, and 

plant extracts.

   Sanguinarine is a plant extract, derived from Macleayacordata, 

and known as carcinostatic substance in human nutrition. Walker 

(1990) and Newton et al. (2002) demonstrated that Sanguinarine had 

anti-oxidant function in animal bodies and Gudev et al. (2004) 

reported that blood concentration of lysozyme was increased when 

growing pigs were fed diets containing Sanguinarine. In addition, 

this plant extract also had positive effects on phagocytic index and 

anti-inflammatory reaction (Lenfeld et al., 1981; Yiu and Wei, 

1993). Although several positive effects of Sanguinarine were 

reported many times in previous studies, sparing effect utilizing 

amino acids by combination with AADE (abbreviation of aromatic 
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L-amino acid decarboxylase) have not been well investigated. There 

has been limited information to evaluate the response of different 

levels of Sanguinarine on carcass characteristic and blood profiles 

(amino acid availability) in growing pigs.

 Therefore, the present study was conducted to evaluate effects 

of supplementation of Sanguinarine on growth performance, carcass 

characteristics and amino acids availability in growing-finishing pigs. 
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Materials and Methods

Experimental animals and management

A total of 64 growing pigs ([Yorkshire x Landrace] x Duroc; 
castrated pig: 32, gilt: 32; 35.6 ± 0.22 kg initial BW) were used in 
a 13-week growth trial (experimental start age: 11 weeks), at a 
research farm located in Jeollanam-do province, South Korea. Pigs 
were allotted to 1 of 4 treatments with 4 replicates by body weight 
and gender in a randomized complete block design (RCBD). All 
pigs were housed in an environmentally controlled building with 
half-slotted concrete floors and each pen equipped with a feeder and 
a nipple drinker to provide ad-libitum access. Body weight and feed 
intake were recorded at 0, 3, 6, 10 and 13 week to calculate the 
average daily gain (ADG), average daily feed intake (ADFI) and 
gain-to-feed ratio (G/F ratio). Dietary treatments were: 1) C100 
(100% of crude protein and amino acid requirements in NRC and 
0% Sanguinarine), 2) S90 (90% of crude protein and amino acid 
requirements in NRC and Sanguinarine 40ppm), 3) C85 (85% of 
crude protein and amino acid requirements in NRC and 0% 
Sanguinarine), or 4) S85 (85% of crude protein and amino acid 
requirements in NRC and Sanguinarine 40ppm). All other nutrients 
were met or exceeded the requirement of NRC (2012) and 
experimental diets formula and chemical compositions were presented 
in tables 1, 2, 3, and 4, respectively.

Blood assay

Blood samples were collected from anterior vena cava of 4 pigs per  
treatment at 0, 3, 6, 10, and 13 weeks (same periods) for analyzing 
serum concentration of cortisol and essential amino acids when the 
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body weights were recorded (fasting after 3hours). Collected blood 
samples were quickly centrifuged for 15 min at 3,000 rpm and 4℃. 
Serum was carefully carried to plastic vials and stored at -20℃ until 
BUN analysis. Serum concentrations of cortisol and amino acids 
were analyzed using cortisol (r-counter, Cobra 5010 Quantum, 
Packard, U.S.A) and amino acid analyzers (LC-MS/MS, API-3200, 
Applied biosystems, U.S.A).

Physicochemical characteristics of pork
After feeding trial, the pigs (118.7 ± 4.92 kg) were slaughtered 

with approved procedure, then the samples of longissimus muscle 
(10th rib) were collected from 16 pigs (4 pigs per treatment) to 
investigate physicochemical characteristics of pork. The pH and meat 
color were measured at 0, 3, 6, 12, and 24 hours after slaughter by 
pH meter (Model 720, Thermo Orion, U.S.A) and Chromameter 
(Minolta CM-508i, Japan). To analyze water holding capacity 
(WHC), filter tubes (VIDAS tubes, BIOMERIEUX, France) 
containing samples were heated at 80℃ water bath during 20 
minutes, desiccated at ordinary temperature during 10 minutes, and 
centrifuged at 2,000 rpm and 10℃ during 10 minutes. Then, WHC 
was calculated from decreased weight of samples. Cooking losses 
were also calculated from weight differences after heating samples at 
80℃ water bath during 40 minutes and desiccating samples at 
ordinary temperature during 20 minutes. After checking cooking loss, 
shear forces were analyzed by Warner-Bratzler sheat meter (G-R 
Elec. Mfg. Co., U.S.A).  

Statistical analysis
All of collected data were carried out by least squares mean 

comparisons and were evaluated using PDIFF option with the 
General Linear Model (GLM) procedure of SAS (SAS Institute, 
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2004). Experimental pen was used as an experimental unit for the 
performance data, whereas individual pig data was served as the 
experimental unit for analyzing characteristics of blood and meat. 
Differences were declared significant at P<0.05 and highly significant 
at P<0.01
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Results and Discussion

Growth performance 

    Effects of supplementing Sanguinarine on growth performance of 
growing-finishing pigs were presented in Table 5. During the whole 
experimental period, there were no significant differences in BW, 
ADG, ADFI and G/F ratio in every phases. However, numerically 
increased ADG and G/F ratio from 11 to 13 weeks were 
observed when pigs were fed diets containing Sanguinarine 
(treatments S90 and S85) compared with those fed no - 
Sanguinarine diets (treatments C100 and C85). ADG and G/F ratio 
of treatment S90 were increased 17.4% and 18.2% relative to 
treatment C100, respectively, and those of treatment S85 were 
elevated 9.0% and 18.2% relative to treatment C85, respectively. 
    During late-finishing phase (11 to 13 weeks), ADG and G/F 
ratio were numerically improved when pigs were fed diets containing 
Sanguinarine. Though experimental diet with supplementing 
Sanguinarine had lower CP and amino acids contents compared to 
the treatment without Sanguinarine, there was no significant 
difference in growth performance on both treatments. The reason 
was that Sanguinarine was stable in wide pH range(Jons et al., 
1986), and this characteristic helps Sanguinarine to successfully reach 
small intestine to do its functions.  Sanguinarine prevents amino acid 
decomposition and increases absorption of amino acids because of 
combined with AADE (Amino acid decarboxylase). Also 
Sanguuinarine acts as an antibiotic (Walker, 1990; Newton et al, 
2002), Gudev et al. (2004) reported increase of blood lysozyme was 
observed by supplementation of Sanguinarine in growing pig. Some 
studies reported supplementation of Sanguinarine in piglet diet led to 
decrease phagocytic index and had anti-inflammation (Lenfeld et al., 
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1981; Yiu and Wei, 1993). These positive effects were considered to 
affect the growth performance. 
    However, C85 treatment also showed no significant difference 
with other treatments. A healthy environment during whole 
experimental periods, thorough management of optimal environmental 
temperature, enough space for rest, could be the reason. Blank et al. 
(2010) reported that it was within the hygienic environment, which 
is supplemented to the Sanguinarine was difficult to determine a 
critical effect. From both Sanguinarine supplementation and 
environmental effect, which effect showed similar growth 
performance among S90, C85, S85 treatments is not clear, therefore 
additional experiment need to be conducted. 

Serum cortisol concentrations
    To evaluate stress index, serum cortisol concentrations of pigs 
were measured at 3, 6, 10, and 13 weeks (Figure 1). Although there 
was no significant difference, numerically lower cortisol 
concentration at 6 and 13 weeks was observed in pigs fed diets 
containing Sanguinarine. 
    Cortisol is one of steroid hormones which is secreted by 
adrenal glands and plays a role in relaxation response of animal 
body when animals were in stressful event (Möstl and palme, 2002). 
Moreover, excessive concentration of cortisol in animal body induced 
higher blood pressure, lowered immunity, inflammatory responses and 
heart attack (Moffit, 2006). Therefore, maintaining optimum level of 
cortisol was very crucial for growth of animal. Balaji et al. (2002) 
indicated that weak pigs showed low immunity and high 
concentration of cortisol in blood. The concentration of serum 
lysozyme was closely related to the stress level of the swine 
(Amadori et al., 2011).  Gudev et al. (2004) demonstrated that 
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blood concentration of lysozyme was elevated when growing pigs 
were fed diets containing Sanguinarine. Above this, increased blood 
concentration of lysozyme and elevated anti-inflammatory reaction 
were also observed when pigs were fed diets containing 
Sanguinarine (Lenfeld et al., 1981; Yiu and Wei, 1993). It is proved 
to reduce stress and strengthen immunity of pigs on the basis of 
decrease in blood cortisol, when the pigs fed diet with Sanguinarine 
supplementation in growing-finishing periods.  

Amino acid concentrations
    The effects of supplementing Sanguinarine on amino acid 
concentrations in serum of growing-finishing pigs were presented in 
Table 6. During growing phase (1 to 6 weeks), S85 treatment 
showed numerically higher serum concentration of amino acids 
compared with that of C85 treatment, especially in tryptophan at 6 

week with significant difference (P<0.05). However, serum 
concentrations of amino acids in finishing phase I (7 to 10 weeks) 
were increased when pigs were fed high CP diets.
    Dršata et al. (1996) reported that supplementation of 
Sanguinarine was associated with preventing reaction of aromatic 
L-amino acid decarboxylase (AADE). Mellor (2001) demonstrated 
that supplementing Sanguinarine induced absorption of tryptophan 
and transformation from 5-hydroxytryptophan to tryptophan-serotonin, 
resulting in increased concentration of tryptophan. The results in the 
current study were accordance with these findings in growing phase 
(6 week). However, there was no detectable effect of dietary 
treatment on Sanguinarine supplementation in serum during finishing 
phase.
    Effects of dietary protein levels on blood amino acid 
concentrations were reported by previous studies (Kerr et al., 1995). 
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Although treatment effect was not altered, detectable response might 
be changed by random effect. Random effect could be decreased 
when dietary nutrient level met nutrient requirement of animals and 
could be increased when those exceeded nutrient requirement 
(Robbins and Gebreyes, 2006). It may cause differences between 
growing and finishing phases.

Carcass characteristics
 The pH, color, cooking loss, shear force and water holding 

capacity (WHC) of pork were measured to evaluate meat quality. 
They were shown in Figure 2 and Tables 7 and 8. There was no 
significant difference by dietary treatment, but numerically lower pH 
of pork was observed when pigs were fed diets containing 
Sanguinarine. The change of loin pH is an important factor to 
determine the quality of pork as its affects to freshness, water 
holding capacity, tenderness, binding ability, meat color and texture.

 Palansky and Nosal (1991) reported an increase in pH led to a 
decrease in cooking loss and pH of pork tended to be decreased 
after slaughter as lactic acid elevated. Many researches have been 
reported increased loin pH by stress condition of pigs (Warris et al., 
1994; Channon et al., 2000). 
    Then, the results of this study also agreed with those findings, 
resulting in decreased pH and blood cortisol concentration in pigs of 
treatments both S90 and S85. In the present study, pork color, 
cooking loss, shear force, and water holding capacity (WHC) were 
not changed by dietary treatments and these results were similar to 
the results of previous studies, wherein dietary nutrients levels did 
not affect loin pH, drip loss (Matthews et al., 2003), color (Witte et 
al., 2000), cooking loss, and WHC (Goerl et al., 1995). Therefore, 
supplementing Sanguinarine is considered that it does not have a 
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negative effect on carcass characteristics.

Economical analysis

The effects of Sanguinarine supplementation on feed cost, days to 

reaching 120kg body weight, carcass yield and carcass price were 

presented in Table 9. There was significant difference in total feed 

cost per pig during 3-6 week (P<0.01), 0-6 week (P<0.05) and 0-10 

week (P<0.05) according to supplementation of Sanguinarine. Also, 

decreasing feed cost of S90 and S85 treatments is mainly caused by 

amino acids supplementation level.

However, there was no significant difference in feed cost per 

weight gain (P>0.05). The reason for this is that did not make a 

large difference in the treatments. When viewed overall figures S90 

and S85 treatments are lower production cost. This is because by 

the supplementation of Sanguinarine gave bringing down the level of 

the amino acid.

    There was no significant difference in days to market weight, 
carcass yield and price. However, C100 treatment numerically 
decreased in days to market weight. Market weight (reached 120kg 
BW) usually takes a lot of effect on the amino acid level or crude 
protein level (Fabian et al., 2004). This treatment had the highest 
content of CP and amino acids in this experiment. Nevertheless, the 
reason the rest of this treatment is more economical than C100 
treatment because the price is cheaper overall production. For this 
reasons, if you hold in place of the addition of Sanguinarine to 
lower content of the CP and amino acids in feeding industry, many 
farmers will be able to lower the overall production costs.
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Conclusion

   
      There was no negative effect on growth performance in 
growing-finishing period as Sanguinarine supplementation in 
experimental diet and numerical G/F ratio improvement was found in 
finishing period. When pigs were fed Sanguinarine contained diet,  
positive effect was observed both in pork-quality and cortisol 
concentration. Although some amino acids concentration in blood 
showed increased bio-availability, most amino acids concentration in 
blood were affected in accordance with those in experimental diet. 
The present experiment demonstrated that dietary Sanguinarine in 
growing/finishing pigs’ diet revealed positive effect on pork quality 
and alleviating stress of pig in certain growing period. However, 
further study on detailed supplementation level of Sanguinarine was 
required to enhancing availability of amino acids. 
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Table 1. The formula and chemical composition of growing phase1 (0-3 week). 

C100 S90 C85 S85
Ingredient, %

Corn 73.10 77.07 79.44 79.07
SBM, 46 21.82 17.75 15.61 15.67
L-lysine HCl, 78 0.35 0.34 0.34 0.34
DL-methionine, 98 0.05 0.03 0.03 0.03
Threonine, 99 0.11 0.10 0.09 0.09
Tryptophan, 99 0.50 0.45 0.50 0.50

Sangrovit2 0.00 0.20 0.00 0.20
Limestone 0.70 0.67 0.69 0.69
Tallow 1.30 1.26 1.14 1.25
DCP 1.57 1.63 1.66 1.66

Vit. Mix3 0.10 0.10 0.10 0.10

Min. Mix4 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30

ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00
CP, % 15.74 14.17 13.38 13.38
Total Lys, % 0.98 0.88 0.83 0.83
Total Met, % 0.28 0.25 0.24 0.24
Total Thr, % 0.67 0.60 0.57 0.57
Total Trp, % 0.20 0.18 0.17 0.17
Ca, % 0.66 0.66 0.66 0.66
Total P, % 0.56 0.56 0.56 0.56

Treatment1

Chemical composition5

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude
protein and amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino
acid requirements in NRC and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in
NRC and 0.2% Sangrovit.
2 Sangrovit (provided by Ewhapharmtek).
3 Provided per kg of diet : Vit. A, 8,666,667 IU; Vit. B1 4,000 mg; Vit. B2, 8,000 mg; Vit. B6, 4,000mg; Vit. B12,
33mg; Vit. D3, 1,333,333 IU; Vit. E, 66,667 IU; Vit. K3, 4,000 mg; Calcium; pantothenic acid, 26,667 mg;
Niacin, 33,333 mg; d-Biotin, 333 mg; Folic acid, 3,667mg.
4 Provided per kg of diet: Fe, 70,000 mg; Zn 60,000mg; Cu, 50,000 mg; Mn, 50,000 mg; I, 400 mg; Se, 250 mg.
5 Calculated value.
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Table 2. The formula and chemical composition of growing phase2 (4-6 week). 

C100 S90 C85 S85
Ingredient, %

Corn 78.92 82.30 84.64 84.26
SBM, 46 17.08 13.48 11.56 11.63
L-lysine HCl, 78 0.33 0.32 0.32 0.32
DL-methionine, 98 0.03 0.02 0.01 0.01
Threonine, 99 0.06 0.05 0.05 0.05
Tryptophan, 99 0.25 0.25 0.20 0.20

Sangrovit2 0.00 0.20 0.00 0.20
Limestone 0.62 0.60 0.62 0.62
Tallow 0.83 0.84 0.66 0.77
DCP 1.38 1.44 1.44 1.44

Vit. Mix3 0.10 0.10 0.10 0.10

Min. Mix4 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30

ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00
CP, % 13.95 12.56 11.86 11.86
Total Lys, % 0.86 0.77 0.73 0.73
Total Met, % 0.25 0.23 0.21 0.21
Total Thr, % 0.56 0.50 0.48 0.48
Total Trp, % 0.16 0.14 0.13 0.13
Ca, % 0.58 0.58 0.58 0.58
Total P, % 0.51 0.51 0.51 0.51

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude
protein and amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino
acid requirements in NRC and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in
NRC and 0.2% Sangrovit.

Treatment1

Chemical composition5

2 Sangrovit (provided by Ewhapharmtek).
3 Provided per kg of diet : Vit. A, 8,666,667 IU; Vit. B1 4,000 mg; Vit. B2, 8,000 mg; Vit. B6, 4,000mg; Vit. B12,
33mg; Vit. D3, 1,333,333 IU; Vit. E, 66,667 IU; Vit. K3, 4,000 mg; Calcium; pantothenic acid, 26,667 mg;
Niacin, 33,333 mg; d-Biotin, 333 mg; Folic acid, 3,667mg.
4 Provided per kg of diet: Fe, 70,000 mg; Zn 60,000mg; Cu, 50,000 mg; Mn, 50,000 mg; I, 400 mg; Se, 250 mg.
5 Calculated value.
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Table 3. The formula and chemical composition of finishing phase1 (7-10 week). 

C100 S90 C85 S85
Ingredient, %

Corn 56.88 59.94 62.09 61.69
SBM, 46 8.36 5.04 3.28 3.35
Wheat 30.00 30.00 30.00 30.00
L-lysine HCl, 78 0.40 0.40 0.40 0.40
DL-methionine, 98 0.02 0.01 0.01 0.01
Threonine, 99 0.09 0.09 0.08 0.08
Tryptophan, 99 0.15 0.15 0.15 0.15

Sangrovit2 0.00 0.20 0.00 0.20
Limestone 0.40 0.41 0.40 0.40
Tallow 1.58 1.61 1.44 1.56
DCP 1.62 1.65 1.65 1.66

Vit. Mix3 0.10 0.10 0.10 0.10

Min. Mix4 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30

ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00
CP, % 12.72 11.45 10.81 10.81
Total Lys, % 0.77 0.69 0.65 0.65
Total Met, % 0.22 0.20 0.19 0.19
Total Thr, % 0.51 0.46 0.43 0.43
Total Trp, % 0.14 0.13 0.12 0.12
Ca, % 0.54 0.54 0.54 0.54
Total P, % 0.49 0.49 0.49 0.49

5 Calculated value.

Treatment1

Chemical composition5

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude
protein and amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino
acid requirements in NRC and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in
NRC and 0.2% Sangrovit.

2 Sangrovit (provided by Ewhapharmtek).
3 Provided per kg of diet : Vit. A, 8,666,667 IU; Vit. B1 4,000 mg; Vit. B2, 8,000 mg; Vit. B6, 4,000mg; Vit. B12,
33mg; Vit. D3, 1,333,333 IU; Vit. E, 66,667 IU; Vit. K3, 4,000 mg; Calcium; pantothenic acid, 26,667 mg;
Niacin, 33,333 mg; d-Biotin, 333 mg; Folic acid, 3,667mg.

4 Provided per kg of diet: Fe, 70,000 mg; Zn 60,000mg; Cu, 50,000 mg; Mn, 50,000 mg; I, 400 mg; Se, 250 mg.
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Table 4. The formula and chemical composition of finishing phase2 (11-13 week). 

C100 S90 C85 S85
Ingredient, %

Corn 60.79 63.49 65.40 65.03
SBM, 46 5.16 2.19 0.60 0.66
Wheat 30.00 30.00 30.00 30.00
L-lysine HCl, 78 0.38 0.37 0.38 0.38
DL-methionine, 98 0.01 0.00 0.00 0.00
Threonine, 99 0.03 0.03 0.03 0.03
Sangrovit2 0.00 0.20 0.00 0.20
Limestone 0.38 0.37 0.36 0.36
Tallow 1.27 1.31 1.17 1.28
DCP 1.48 1.54 1.56 1.56

Vit. Mix3 0.10 0.10 0.10 0.10

Min. Mix4 0.10 0.10 0.10 0.10
Salt 0.30 0.30 0.30 0.30

ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00
CP, % 11.49 10.34 9.77 9.77
Total Lys, % 0.68 0.61 0.58 0.58
Total Met, % 0.20 0.18 0.17 0.17
Total Thr, % 0.41 0.37 0.35 0.35
Total Trp, % 0.11 0.10 0.09 0.09
Ca, % 0.50 0.50 0.50 0.50
Total P, % 0.46 0.46 0.46 0.46

3 Provided per kg of diet : Vit. A, 8,666,667 IU; Vit. B1 4,000 mg; Vit. B2, 8,000 mg; Vit. B6, 4,000mg; Vit. B12,
33mg; Vit. D3, 1,333,333 IU; Vit. E, 66,667 IU; Vit. K3, 4,000 mg; Calcium; pantothenic acid, 26,667 mg;
Niacin, 33,333 mg; d-Biotin, 333 mg; Folic acid, 3,667mg.
4 Provided per kg of diet: Fe, 70,000 mg; Zn 60,000mg; Cu, 50,000 mg; Mn, 50,000 mg; I, 400 mg; Se, 250 mg.
5 Calculated value.

Treatment1

Chemical composition5

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude
protein and amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino
acid requirements in NRC and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in
NRC and 0.2% Sangrovit.

2 Sangrovit (provided by Ewhapharmtek).
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Table 5. Effects of Sanguinarine supplementation on growth performance of growing-finishing pigs1

C100 S90 C85 S85

Initial 35.23 35.36 35.15 35.21 0.091

3 week 52.56 51.21 52.59 51.53 0.708
6 week 71.35 66.51 68.58 69.03 1.985
10 week 91.27 86.86 88.98 87.53 1.953
13 week 104.29 102.15 102.25 102.33 1.027

ADG, g
0-3 week 826 756 831 786 35.4
4-6 week 895 728 762 833 74.3
0-6 week 860 742 796 810 48.6
7-10 week 712 727 728 661 31.6
0-10 week 801 736 769 750 28.0
11-13 week 620 728 632 704 53.2
0-13 week 759 734 738 740 11.2

ADFI, g
0-3 week 1,692 1,481 1,706 1,689 107.7
4-6 week 1,559 1,162 1,391 1,514 177.8
0-6 week 1,625 1,321 1,548 1,601 139.0
7-10 week 2,594 2,324 2,553 2,369 133.7
0-10 week 2,013 1,722 1,950 1,908 125.1
11-13 week 2,864 2,793 2,847 2,722 63.9
0-13 week 2,209 1,969 2,157 2,096 103.4

G/F ratio
0-3 week 0.48 0.51 0.49 0.47 0.017
4-6 week 0.58 0.64 0.54 0.55 0.043
0-6 week 0.53 0.57 0.51 0.51 0.027
7-10 week 0.27 0.31 0.29 0.29 0.017
0-10 week 0.40 0.43 0.40 0.40 0.016
11-13 week 0.22 0.26 0.22 0.26 0.025
0-13 week 0.34 0.37 0.34 0.36 0.014

3 Standard error of mean.
4 Values are means for four pens of four pigs per pen.

Criteria
Treatments2

SEM2

Body weight3, kg

1 A total 64 crossbred pigs was fed from average initial body 35.62 ± 0.22 kg and the average final body weight was 102.8 kg.
2 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude protein and amino acid
requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino acid requirements in NRC and 0% Sangrovit, and S85:
85% of crude protein and amino acid requirements in NRC and 0.2% Sangrovit.
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* C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude protein
and amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino acid requirements in

NRC and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in NRC and 0.2% Sangrovit.

Figure 1. Effects of Sanguinarine supplementation on serum cortisol     
          concentration of growing-finishing pigs
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* C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude protein
and amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino acid requirements in

NRC and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in NRC and 0.2% Sangrovit.

Figure 2. Effects of Sanguinarine supplementation on pork pH after     
         slaughter
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Table 6. Effects of Sanguinarine supplementation on serum amino acid concentration of

growing-finishing pigs

C100 S90 C85 S85

Arginine, 189 146 169 190 17.7
Histidine 82 70 72 72 4.6
Isoleucine 138 101 134 112 8.3
Leucine 238 193 223 213 13.7
Lysine 361 254 305 312 20.9
Methionine 50 47 57 52 2.8
Threonine 129 118 160 115 9.8
Tryptophan 38 25 51 34 3.6
Valine 267 183 281 209 18.0
Phenylalanine 95 74 87 80 5.7

Arginine 195 152 105 222 19.6
Histidine 83 100 90 94 3.6
Isoleucine 102 90 82 94 3.8
Leucine 224 252 202 222 11.0
Lysine 322 280 183 322 35.5
Methionine 56 71 72 72 4.0
Threonine 105 108 120 128 8.5
Tryptophan 62a 51ab 32b 63a 5.0
Valine 237 201 208 229 8.4
Phenylalanine 79 85 86 90 2.7

Arginine 175 159 127 114 9.4
Histidine 87 73 96 80 3.7
Isoleucine 97A 79AB 64BC 46C 6.1
Leucine 238a 209ab 203ab 172b 8.4
Lysine 426a 349ab 218bc 200c 33.0
Methionine 55 53 72 49 3.0
Threonine 90A 65B 67B 60B 4.1
Tryptophan 60A 50A 28B 28B 4.6
Valine 253A 196B 176BC 155C 11.7
Phenylalanine 79 73 73 59 3.2

(Continue)

10 week

Item, µmol/L
Treatments1

SEM2

3 week

6 week
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Arginine 134 111 130 143 14.2
Histidine 83 85 69 72 3.1
Isoleucine 98 97 107 87 4.6
Leucine 210ab 213a 172bc 168c 7.5
Lysine 387 408 288 282 24.6
Methionine 63 71 66 58 3.3
Threonine 103 88 142 87 12.2
Tryptophan 54 50 62 51 3.4
Valine 255 249 273 223 11.0
Phenylalanine 71 85 67 62 3.1

ABC Means with different superscripts in the same row significantly differ (P<0.01)

abc Means with different superscripts in the same row significantly differ (P<0.05)

2 Standard error of mean.

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude protein and
amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino acid requirements in NRC
and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in NRC and 0.2% Sangrovit.

13 week
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Table 7. Effects of Sanguinarine supplementation on pork common ion effect values after slaughter

C100 S90 C85 S85

0 hour 36.08 40.41 39.44 42.25 1.113

3 hour 41.30 44.97 42.02 43.51 1.315

6 hour 40.26 42.48 41.39 44.02 0.916

12 hour 40.68 43.46 40.40 43.86 0.938

24 hour 40.93 43.20 42.37 44.90 0.867

Hunter value, a2

0 hour 2.22 2.40 1.81 2.83 0.225

3 hour 3.00 2.98 2.67 3.48 0.224

6 hour 3.00 3.06 2.77 3.73 0.207

12 hour 2.75 2.61 2.92 3.86 0.239

24 hour 2.83 2.75 2.67 3.66 0.192

Hunter value, b3

0 hour 3.83 4.54 3.94 4.50 0.208

3 hour 4.79 5.28 4.84 5.22 0.220

6 hour 4.63 5.02 4.51 5.23 0.232

12 hour 4.26 4.95 4.64 5.18 0.229

24 hour 4.25 4.77 4.68 5.18 0.196

protein and amino acid requirements in NRC and 0.2% Sangrovit

2 Standard error of mean.
3 L - luminance or brightness (vary form black to white).
4 a - red·green component (+a=red, -a=green).
5 b - yellow·blue component (+b=yellow, -b=blue)

in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino acid requirements in NRC and 0% Sangrovit, and S85: 85% of crude 

Item
Treatments1

SEM2

Hunter value, L1

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude protein and amino acid requirements
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Table 8. Effects of Sanguinarine on physiochemical property in growing-finishing pig

C100 S90 C85 S85
Physiochemical property

Cooking loss, % 30.92 30.94 32.30 31.17 0.591

Shear force, kg/0.5 inch2 4.69 4.16 5.01 4.54 0.231
Water holding capacity, % 57.51 56.67 56.99 55.68 0.433

and amino acid requirements in NRC and 0.2% Sangrovit

2 Standard error of mean.

Item
Treatments1

SEM2

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude protein and amino acid requirements

in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino acid requirements in NRC and 0% Sangrovit, and S85: 85% of crude  protein
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Table 9. Effects of Sanguinarine on economical efficiency

C100 S90 C85 S85

0-3 week       1,202       1,107       1,142       1,216       37.4

3-6 week         919         805         937         900       51.6

0-6 week       1,020         942       1,002       1,038       24.9

6-10 week       1,739       1,626       1,614       1,793     114.9

0-10 week       1,290       1,209       1,252       1,290       33.7

10-13 week       2,002       1,673       1,950       1,651       82.9

0-13 week       1,433       1,317       1,385       1,373       27.4

0-3 week 20,237 17,321 19,732 19,884 665.2
3-6 week 16,469A 12,245C 13,918BC 15,467AB 571.8
0-6 week 36,612a 29,382b 33,405ab 35,214a 1092.9
6-10 week 34,023 30,469 32,390 30,712 688.1
0-10 week 72,380a 61,375b 67,368ab 67,245ab 1632.9
10-13 week 25,648 25,062 24,701 24,187 592.1
0-13 week 98,893 87,568 92,929 92,194 1991.3

111.7 115.3 115.1 114.9 1.6

Carcass yield,
%
Carcass price,
1,000 won

Days to market weight (reached 120kg BW)

Total feed cost per pig, won/head

Feed cost per weight gain, won/kg

Criteria
Treatments1

SEM2

Carcass yield and price

77.1 75.3 73.5 75.8 0.27

1 C100: 100% of crude protein and amino acid requirements in NRC and 0% Sangrovit, S90: 90% of crude protein
and amino acid requirements in NRC and 0.2% Sangrovit, C85: 85% of crude protein and amino acid requirements
in NRC and 0% Sangrovit, and S85: 85% of crude protein and amino acid requirements in NRC and 0.2%
Sangrovit.
2 Standard error of mean.
abc Means with different superscripts in the same row significantly differ (P<0.05)
ABC Means with different superscripts in the same row significantly differ (P<0.01)

309.7 313.1 299.1 329.6 2.64
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Ⅴ. Summary in Korean

본 연구는 육성-비육 사료 내 Sanguinarine을 첨가 시 성장성

적, 돈육 품질, 혈액 성상 및 경제성 분석에서 아미노산의 이용효율

을 높일 수 있는지를 알아보기 위해 수행 되었다. 평균 체중 35 ± 

0.22 kg의 3원 교잡종([Yorkshire × Landrace]) × Duroc) 64

두를 공시하였으며, 전체 4처리 4반복, 반복 당 4마리씩 성별과 체

중에 따라 난괴법(RCBD; Randomized Complete Block Design)

으로 배치하였다. Sanguinarine은 이화팜텍에서 제공한 SangrovitⓇ 

을 통하여 첨가하였으며, 제품에 포함되어 있는 Sanguinarine은 kg 

당 1.75% 이다. 실험의 처리구는 SangrovitⓇ 을 첨가하지 않고 아

미노산의 함량을 NRC(1998)기준(영양소요구량)과 동일하게 설계

한 처리구 C100, SangrovitⓇ 40ppm 을 첨가하고 아미노산의 함

량을 NRC 기준(영양소요구량) 90%로 설계한 처리구 S90, 

SangrovitⓇ을 첨가하지 않고 아미노산의 함량을 NRC 기준(영양소

요구량) 85%로 설계한 처리구 C85, 그리고 SangrovitⓇ 40ppm을 

첨가하고 아미노산의 함량을 NRC 기준(영양소요구량) 85%로 설계

한 처리구 S85로 설정하였다. 사양실험 결과, 사료 내 

Sanguinarine의 첨가가 육성-비육돈의 Body weight, ADG, 

ADFI, G:F ratio에 있어서 통계적으로 유의적인 차이를 나타내지 

않았으며, 부정적인 영향을 미치지 않았다. 

돈육의 품질평가 실험의 분산분석 결과 도축 후 pH 결과에서는 통

계적으로 유의적인 차이를 나타내지 않았지만 Sanguinarine을 첨가

한 처리구에서 소비자가 선호하는 pH에 근접한 수치가 나타났으며, 

육색에서도 통계적으로 유의적인 차이는 발생하지 않았지만 최종육

색에서 Sanguinarine을 첨가해준 처리구에서 육색의 밝기가 

42~46을 나타냈으며, 이는 소비자가 가장 선호하는 육색이며, 돈육
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을 구매하는 것에 있어서 긍정적인 영향을 끼친다고 할 수 있다. 또

한, 전단력 분석에서도 유의적인 차이는 확인 할 수 없었지만, 

Sanguinarine을 첨가해준 처리구에서 낮은 수치를 기록하였다. 전

단력이 낮다는 것은 소비자가 돈육을 소비 할 때 더 부드럽다고 느

끼는 것이므로, 소비자의 기호도가 상승하는 결과를 가져올 수 있

다. 도축 후, 돈육의 품질평가에서는 처리구간 유의적인 차이는 없

었지만, 소비자의 관점에서 보았을 때 Sanguinarine을 첨가해준 돈

육이 소비자로 하여금 매력적으로 보일 수 있다. Cortisol 분석 결

과 전구간(0-13 주)에서 통계적으로 유의적인 차이를 확인 할 수 

없었으나, 육성 후기(6 주)와 비육 후기(13 주)에서 수치상 

Sanguinarine을 첨가해준 처리구에서 Cortisol의 농도가 낮은 경향

이 관찰 되었으며, 이는 곧 스트레스 지수가 낮다는 말이므로 

Sanguinarine을 첨가함에 따라서 돼지가 받는 스트레스의 정도가 

낮아 진다고 볼 수 있다. 혈액 내 아미노산 농도에 대한 분산분석 

결과 육성 후기(3-6주)는 분석한 아미노산 중 tryptophan에서 통

계적으로 유의적인 차이를 확인할 수 있었다(P<0.05). 비육전기

(7-10주)에서는 leucine과 lysine에서 유의적인 차이가 관찰되었

으며(P<0.05), isoleucine, threonine, tryptophan, valine 에서 통

계적으로 고도의 유의적인 차이가 확인되었다(P<0.01). 비육후기

(11-13주)에서는 leucine에서 통계적으로 유의적인 차이가 관찰되

었다(P<0.05). 이는 사료 내 Sangrovit�을 첨가해주는 것이 아미노

산 중 tryptophan의 이용과는 관계가 있지만, 다른 필 수 아미노산

과는 관계가 없는 것으로 사료된다.

 결론적으로 Sanguinarine을 육성-비육기의 돼지 사료 내 

Sanguinarine을 첨가 할 경우 성장성적에는 부정적인 영향을 나타

내지는 않았으며, 돈육의 품질과 cortisol 농도에서는 Sanguinarine
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을 첨가해준 처리구에서 긍정적인 영향을 확인 할 수 있었고, 혈액 

내 아미노산의 농도는 일부 아미노산에서는 이용률이 증가하였으나, 

모든 아미노산에서 이용률이 증가하지는 않았다. 이러한 실험 결과

는 돈육의 품질 향상과 돼지의 스트레스 저감 및 아미노산 이용률

을 증진시켜 주는 것에 도움이 될 수 있을 것으로 예상되며, 더욱 

세부적인 기전과 첨가 함량을 결정하기 위해서는 추가적인 연구가 

필요할 것으로 사료된다.
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