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The ampholytes surfactants, or ampholytes, differ from other ionic surfactants in water they act as electrolytes by ionizing to give anions, and zwitterions (ions with a positive and negative charge in the same molecule). The relationship between surface activity and germicidal action was aroused by the important development with quaternary ammonium germicides by Domagk in 1935 (Chapters 1, 13), and investigation of the amphoterics soon followed. Attention was drawn to their importance and practical value by McCutcheon at the first International Congress for Surface Activity in Paris in 1954. He introduced dodecyl-B-alanine, which was produced by General Mills under the name Deriphat. Armour and Co. Marketed dodecyl-B-aminobutyric acid under the name Armeen Z, and Miranol Chemical Inc. Made an imidazol ring derivative called Miranol. A group of related amphoteric disinfectants under the trade name Tego, or Tego in some countries, was produced by Th. Goldschmidt AG (Schmitz, 1952, 1954). These were based on the ampholyte  dodecyl-di (aminoethyl)-glycine. The composition of these products is given in Table 15-1. Tego 2000, the latest addition to this family, is a mixture of an amphoteric and a cationic amine surfactant. These products have been used extensively as biocides in Europe for the past 40 years; in 1980 their said to be 3000 tons

In preliminary studies it was observed that amphoteric surfactants with the same chain length and number of amine groups as cationic biocidal agents had a similar but somewhat lower antibacterial activity. It was learned, however, that activity of the ampholytes could be greatly increased by increasing the number of amine nitrogens, which also increases the pH as shown in Figure 15-1 and Table 15-2. It will be noted that the mixture of ampholytes, as in Table 15-1, results in extending the microbiocidal activity over a wider pH rang.


Although the ampholytes contain groups, they appear to act differently than the cationic quaternary germicides. Figure 15-2 shows the difference between these agents in regard to their precipitation of protein and antibacterial activity as affected by pH. Dodecyldi (aminoethyl)-glycine, dodicin, has a different pH formaximum bactericidal activity from that for protein precipitation, whereas the quat, dodecyl dimethylbenzylammonium chloride, has parallel curves for both pH and protein precipitation. The quats are more adversely affected in their antimicrobial by the presence of proteins than are the ampholytes. Further, quaternaries have greater activity toward gram-positive and less against gram-negative organisms, whereas ampholytes are not as selective in their activity. Quaternaries, on the other hand, are bacteriostatic at much lower concentrations than the ampholytes. This sometimes works in favor of the latter, as in cases of foods processed with microorganisms such as cheese, beer, and wine in which any residual biocide is detrimental to the growth of the culture and the process.

-------------------------

* Copy from Block, Seymour S. “Disinfection, Sterilization, and Preservation”, Fourth Edition, Lea & Febiger, Philadephia ( London, 1991, Chapter 15. Pp.263-272

15-1. Composition of Tego Disinfectants

	Tego                                                                Active Ingredient                                   Composition                   pH

	103S       RNH(CH2)2NH(CH2)2NHCH2CO2H(HCl                                                              15% aqueous solution          ~ 7.7

103G      RNH(CH2)2NH(CH2)2NHCH2CO2H(HCl((RNH(CH2)2(2NCH2CO2H(HCl         10% aqueous solution          ~ 7.7

51           RNH(CH2)2NH(CH2)2NHCH2CO2H( RNH(CH2)2NHCH2CO2H                            9% aqueous solution          ~ 8.2

51B        RNH(CH2)2NH(CH2)2NHCH2CO2H( RNH(CH2)2NHCH2CO2H                         22.5% aqueous solution        ~ 8.2

2000       RNH(CH2)2NHCH2CO2H ( RNH(CH2)2NH2                                                          20% aqueous solution         ~ 8.0
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                                                        a) Dodecyl glycine                                

                                                        b) Dodecyl - aminoethyl glycine

                                                                           c) Dodecyl - di (aminoethyl) glycine

      Fig. 15-1. Bactericidal activity against staphylococci of three forms of amphoteric surfactants. From Schmitz, I.A., and Harris, W.S. 1958. Germicidal ampholytic surface-active agents. Manufact. Chem., 29, 51-54.

ANTIMICROBIAL ACTIVITY


Antibacterial tests on Tego 51, Tego 103, and phenol by the suspension method at 1% and 2% concentrations with Salmonella enteritidis, Escherichia coli, Erysipelothrix rhusiopathiae, Staphylococcus albus, Staphylococcus citreus, Staphylococcus aureus, Corynebacterium pyogenes, Streptococcus agalactiae, and Brucella abortus were run by Wagener (1954). Other tests on Tego 51 at 0.5%, 1%, and 10% concentrations with Salmonella typhosa, Shigella dysenteriae, Coliaerogenes, Pseudomonas aeruginosa, Streptococcus pyogenes, Streptococcus viridans, and Streptococcus aureus were
Table 15-2. The Bactericidal Activities toward Staphylococcus aureus of Substituted Glycines (0.05% Solutions)

	                                        Bactericidal Action

 Compound                                          in Minutes



	C12H25NHCH2CO2 H                                             10
C12H25NH(CH2)2NHCH2CO2H                              5

C12H25NH(CH2)2NH(CH2)2NHCH2CO2H             1














Fig. 15-2 Comparisons of protein precipitation and bactericidal activity by solutions of “DODICIN” and “QUAT” at different pH values. From Schmitz., I.A. , and Harris. W.S. 1958 Germicidal ampholytic surface active surface-active agents Manufact Chem. 29 51-54.

reported by Sorenson et al. (1969). With both Tego disinfectants, but not with phenol, a 1% solution acting for 30 minutes produced sterility with all of the bacteria and with a 10% solution o Tego 51, the organisms were killed in 1 minute’s contact. Wagener also compared the same disinfectants and organisms at 55(to 60(C rather than at room temperature. At this higher temperature, both disinfectants at 1% strength killed all the bacteria in 1 minute, whereas phenol in 1% strength took 8 minutes to kill all of the bacteria, although half of the species were killed in 1 minute. Bactericidal test data on a long list of microorganisms given by Goldschmidt (undated,a) show most organisms killed by 1% aqueous solutions of the Tego compounds in 1 minute. The molds and some bacteria were more resistant but, except for Mycobacterium tuberculosis, all were killed in 15 minutes. The latter was destroyed in 1 to 4 hours. Sykes (1965) stated that in his tests, 0.2% of Tego 51, 103G, and 103S killed Staphylococcus aureus, Streptococcus pyogenes, E . coli, and Pseudomonas pyocyanea in1 to 3 minutes and solutions of 0.1% in 4 to 10 minutes. Tatewaki et al.( 1981) reported that 0.00078 to0.0125% Tego 51 inhibited 27 bacterial strains, but greater than0.1% was necessary to inhibit Serratia marcescens and Proteus vulgaris. In their tests Tego 51 was more active than cresol soap (50% cresol). At 0.01 to 0.8% Tego 51 showed high bactericidal activity against E. coli, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus faecalis, Bacillus subtilis, Mycobacterium phlei, and Oospora lactis (Andriasyan, 1983). At 0.5% it displayed good detergency and inhibited bacterial contamination by 99.8%. He suggested its use as a detergent and disinfectant for the sanitation of dairy equipment.


On the other hand, Dold and Gust (1957) isolated living Pseudomonas fluorescens from Tego solutions. This led to changes in the composition of the Tego preparations (Goldschimidt, 1967). Kuipers and Dankert (1970) compared the activity of 1% 103S on Pseudomonas aeruginosa, Staphylococcus aureus, and Achromobacter anitratus with 0.5% chlorhexidine in 70% ethanol and with 1% 103G with 0.3% Halamid (a quaternary ammonium salt). The germicides were tested in three ways: by a suspension test, a membrane filter test, and surface tests with swabs and agar cylinders. In all three tests, the chlorhexidine  solution killed the bacteria in 0.5 to 2 minutes, whereas 103S did not kill in 10 minutes except in one test with one bacterium. In the comparison of 103G and Halamid, kill with 103G took place in 15 to more than 60 minutes, whereas Halamid took 10 to 60 minutes. Halamid was superior or equal to 103G with all bacteria in all tests. From their results, the experimenters concluded that the bactericidal properties of Tego 103S and 103G are slight.


These experiments raise two questions: (1) How long did it take 103S to kill the bacteria? All we know is that it took more than 10 minutes, and the authors say that “an antiseptic should have an immediate effect within a short time of contact and the reference antiseptic, chlorhexidine in ethanol, did.” Yet there are applications in which effectiveness over a short period is not so important, and one wonders, therefore, how  much longer than 10 minutes did it take 103S to be effective? (2) What part  did the 70% ethanol play in the effect of the chlorhexidine solution, and what results would have been obtained if 103S were made up in 70% ethanol, since 70% ethanol is an effective antiseptic in its own right?


Sainclivier and Kerherve (1966), working with Tego 51 (1%), obtained results corresponding to those of Wagener, namely, that maximum disinfection toward Staphylococcus aureus, Pseudomonas aeruginosa, E. coli, and  Streptococcus lactis was obtained in about 10 minutes’ contact.


Kovats and Tamasi (1975), investigating Tego 51 for the disinfection of animal houses, reported it to be effective for controlling E. coli, Staphylococcus pyogenes aureus, and Pseudomonas aeruginosa. Working on the same type of problem, Kellett (1979) found 1% Tego 51 to be effective for only 1 to 2 days, but not for 7 days, because of resistance of the organisms in the animal quarters, which were identified as Achromobacter species, and gram-negative bacilli. The organisms were also resistant to Tego Diocto, a cationic amine salt, and to all antibiotics, but were controlled for over2 months with 1% Tegodor, a mixture containing cationic agents and aldehydes. Sakagami et al. (1980) gave further evidence of bacteria developing resistance to Tego 51. They discovered that bacteria in river sludge that became acclimatized to 8-hydroxyquinoline were able to degrade not only 8-hydroxyqunoline but also other organic compounds, including some disinfectants like Tego 51 and paraformaldehyde. The bacteria in the river sludge were shown to be Pseudomonas and Clostridium. 


Lee (1981) found that 10% saponified cresol killed Mycobacterium tuberculosis in 1 minute on slides and 5%  in 10 minutes in sputum samples. Two ampholytes, Tego 51 and Vista 300, gave approximately parallel results, although the cresol was more potent in the short run, that is, 1 hour or less. Ten percent benzalkonium chloride and 5% chlorhexidine showed no bactericidal effect against the TB organism.


Vista 300 (now Anon 300) is alkyl bis (aminoethyl) glycine alkyldiethylenetriamine glycolate.( (It was tested at 1% against E. coli, Serratia marcescens, Pseudomonas aeruginosa, P. cepacia, Acinetobacter anitratus, S. aureus, Candida albicans, and Cryptococcus neoformans showing antibacterial activity to all except Serratia marcescens. Bovine serum albumins (1 to 10%) lowered its activity (Nagai, 1979). Nada et al. (1980) evaluated Vista 300, chlorhexidine gluconate, cresol-soap solution, phenol, and benzethonium chloride against nonfermentative gram-negative rods at 50-fold dilution for 15 to 20 seconds. Vista 300 was second to chlorhexidine bacteriostatically, and first in effectiveness bactericidally.


Against bovine tuberculosis organisms, Thiel (1960) found Tego 51 at 5% to be highly bactericidal after 1 to 72 hours. Palvas (1967) reported that 10% Tego 51 inhibited Mycobacterium bovis in 10 to 20 minutes, as against the same results with 0.1 % hexachlorophene.


Further data on the bactericidal effect of Tego 51 on Mycobacterium tuberculosis and M bovis were provided by Ichikawa and Miyoshi (1980). They showed that a disinfectant composition containing Tego 51 as its active ingredient killed M. tuberculosis in 2.5 minutes and M. bovis in 10 minutes. With 2 % phenol or 0.5 % cresol, these organisms were killed in 2.5 minutes. Interestingly enough, chlorhexidine was inactive against these organisms unless mixed with 70 % ethanol.


These disinfectants were also compared in tests made by Waller (1979) on spores of Encephalito(oon cuniculi. These spores were completely inactivated by 9 of 11 disinfectants, including 1 % Tego 51, after 30 minutes exposure. The two that were not effective were 0.1% chlorhexidine and 1% citric acid. Among those agents that were effective was 710% ethanol. Tests that led to a patent (Hesselgren et al., 1973) showed that at 10 or more ppm of Tego 51 inhibited E. coli, Candida albicans., and Streptococcus faecalis in vitro and inactivated bacteria in dental plaque, however, Tego 51 and chlorhexidine together exhibited greater inhibition than the additive effect of each alone.


In the presence of guinea pig feces, Tego 51 was ineffective. Trautwein and Nassal (1958) tested the bactericidal action of 33 disinfectants against M. bovis Staphylococcus aureus,  and E. coli by injecting the mixtures into guinea pigs. Of the 33 disinfectants, 15 were highly effective including 7% Tego 51. The fungicidal activity of 2%  Tego 51 was established at 0(C for 10 minutes (El-Bahay et al. 1968), whereas, under like conditions, 8% CuSO4 and 3% of a disinfectant containing 22% chorine were inactive. According to Devos et al. (1968), Tego 51 and two quaternary ammonium germicides were the inost effective of 16 disinfectants tested against 17 bacterial and fungal species. Kamada (1964) tested Tego 51, a cationic surfactant (benzalkonium chloride) and an anionic surfactant 

 ( Inui Syoji Co.,Ltd. Osaka, Japan

(saponified cresol) disinfectant against Paramecium caudatum. After 10 minutes contact, the order of activity was quaternary ammonium germicide > Tego > cresol but after 30 minutes the activity was quaternary ammonium germicide = Tego> cresol. As mentioned earlier (Waller, 1979), spores of Encephalitozoon cuniculi were inactivated by 1% Tego 51 in 30 minutes.


Work by Micheletti et al. (1978) on antiviral activity showed that 1% Tego 51 had no effect on the hydrophilic virus, poliovirus 1, but rapidly inactivated five lipophilic viruses, namely herpes simplex virus, vaccinia virus, influenza virus, adenovirus,  2, and VSV (vesicular stomatitis virus). Cationic disinfectants also demonstrated the same activity against the viruses. Newcastle disease virus and Aujeszky’s disease virus was controlled after 15 minutes’ exposure with 0.5% of Tego 51 for use in disinfecting the animal house (Kovats and Tamasi, 1975). In the hydrochloride from, Tego 51 rapidly inactivated transmissible gastroenteritis (TGE) virus, but when this virus was dried onto wooden surfaces, it was ten times as resistant to disinfection as in aqueous suspension (Nakao et al., 1978)


As shown in Table 15-3, is least effective in terms of concentration against Pseudomonas aeruginosa but is more active than glutaraldehyde and chlorhexidine against Salmonella and Staphylococcus organisms. Its temperature profile in comparison to other disinfectants is shown in Table 15-4. It is superior to glutaraldehyde at most temperatures and exposure times and to the quaternary in 20 or 30 minutes exposure at 37( and 50(C. Sykes (1970), using Tego 103G and Bacillus pumilus spores, showed the effect of temperature on the sporicidal activity of this compound and a quaternary, domiphen bromide (Fig. 15-3).With the Tego at 25(C there was no inactivation in 5 hours; at 37(C there was a 4 log reduction in 5 hours; and at 50(C there was a 5 log reduction in 2 hours.

Gelinas and Goulet (1983) also investigated the effect of the type of surface on the activity of disinfectants. Using Pseudomonas aeruginosa and the use-dilution method they obtained on steel the  same results shown in Table 15-3 (since stainless steel cylinders were used in the AOAC use-dilution method). On plastic (polypropylene) and aluminum the effectiveness was much less for all disinfectants. Tego 51 required 1.25% on steel, more than 5% on plastic, and 10% on aluminum.

Effect of Protein


Proprietary literature on Tego compounds makes the categoric statement that the disinfectant efficiency is not decreased by the presence of protein. Sainclivier and Kerherve (1972) compared Tego 51 (1%), 51B (0.2%), and NaOCl (200 ppm available Cl) on Streptococcus lactis, Staphylococcus aureus, E. coli, and Pseudomonas aeruginosa. The activity of NaOCl was decreased by milk proteins, but the Tego compounds were not affected, maintaining their maximum activity after 5 to 10 minutes of contact. Other evidence in this effect was offered by Chen and Wu (1976). In water containing 0.03% powdered whole milk, Tego 51, but not NaOCl, inhibited E. coli, Aeromonas hydrophila, and Staphylococcus aureus within 5 minutes, protein inhibited the antibacterial activity of 0.5 to 1% Tego 51, as did gastrointestinal fluids; bovine blood or fish cleaning liquors did not.

Table 15-3  Comparison of Disinfectants by the AOAC Use-dilution Method-Critical Disinfection Point Values in mg/L at 20(C and 10 minute Contact Time

	                                                       Pseudomonas aeruginosa                 Salmonella choleracsuis            Staphylococcus aureus

Disinfectant                                            ATCC 15442                                   ATCC 10708                            ATCC 6538

	Tego 51                                                    12,500                                                2,750                                          1,000

Glutaraldehyde                                          8,500                                                7,500                                          5,000

Chlorhexidine                                            5,500                                                6,500                                          8,500

Quaternary                                                 2,250                                                1,000                                             550

Aldoquaternary complex                           1,100                                                   650                                             550

Acid-anionic                                                 225                                                   175                                             325

Sodium hypochlorite                                    175                                                   125                                             110

Iodophor                                                         40                                                     40                                               40    



Gelinas, P., Goulet, J., Tastayre, G.M., and Picard, G.A. 1984. Effect of temperature and contact time on the activity of eight disinfectants A classification. J. Food Protection, 47(11), 841-847.

Table 15-4  Comparative Effect of Temperature on Disinfectants A.O.A.C. Use-dilution Test with Pseudomonas aeruginosa; Minimum Bactericidal Concentration in mg/L

	                                                                                                                              Temperature ((C)

                                                 Contact  

Disinfectant                               Time                                              4                         20                       37                        50



	Tego 51                                      10                                             12,500                  12,500                   2,250                   850

                                                   20                                             11,000                    7,500                      275                   125

                                                   30                                               3,250                    3,250                      275                   100

Glutaraldehyde                          10                                             65,000                    8,500                      750                    750

                                                   20                                             32,500                    2,000                      750                    550

                                                   30                                             32,500                    2,000                      750                    425

Chlorhexidine                            10                                             12,500                     5,500                      250                   150

                                                   20                                               7,500                     2,000                      250                     50

                                                   30                                               7,500                     2,000                      225                     50

Quaternary                                 10                                               4,250                     2,250                    1,000                  275

                                                   20                                               2,000                       425                        425                  275

                                                   30                                               1,500                       425                        325                  275

Aldoquaternary                          10                                               2,750                    1,100                        225                 110

     Complex                               20                                               1,000                       625                        225                  110

                                                   30                                               1,000                       550                          85                   50  

Acid anionic                              10                                                  375                        225                         50                    20

                                                   20                                                 375                        225                          50                   20

                                                   30                                                 175                        150                          40                   20  

Sodium hypochlorite                 10                                                  375                       175                        100                   _ (   

                                                   20                                                 110                         65                          45                    _

                                                   30                                                   50                         50                          25                    _

Iodophor                                    10                                                 110                         40                          40                    _(
                                                   20                                                  40                          40                          40                    _

                                                   30                                                  40                          20                          40                    _


(Unstable at 50(
  Gelinas, P., Goulet, J., Tastayre, G.M., and Picard, G.A. 1984 Effect of temperature and contact

time on the activity of eight disinfectants A classification. J. Food Protection, 47(11), 841-847.


Most of the reported investigations find a significant reduction in activity in the presence of proteins, but generally less than with most other disinfectants, particularly the quaternary nitrogen surfactants (Schmitz, 1952). For example, Kendereski and Ilic (1969) reported that Tego 51 eas reduced 3 to 4 times in bactericidal activity in the presence of10% milk, whereas the germicidal power of several quaternary compound was reduced 20 to 50 times. Puhac and Hrgovic (1969) determined the activity of Tego 51 and 103S against Staphylococcus aureus, E. coli, and Salmonella pullorum. Bacteriostatic concentrations were 0.01 to 0.03% solutions in 1 minute, but the bactericidal properties were reduced  in the presence of proteins. Varga (1972) found 0.5% Tego 51 and several other disinfectants to be lethal to representative bacteria, Candida albicans, and Aspergillus fumigatus in 10 minutes’ exposure. Blood protein reduced the effect in all cases except for Iosan, an organic iodine compound.

On the other hand Gelinas and Goulet (1983) found that an iodophor and hypochlorite, which were highly active against Pseudomonas aeruginosa by the use-dilution method did not tolerate high concentrations of organic matter in the from of milk powder, fish meal, or dried blood. Tego 51 retained disinfectant action with the protein, although not as well as glutaraldehyde, which was superior to seven other agents in withstanding protein.

According to DeMazza et al. 0.5% Tego 51 was inhibitory to a group of food-contaminating bacteria (1 to 5 ( 106/ml) in meat-tryptone broth at 37(C and was bactericidal at 1.8% concentration. With fewer organisms (1 to 5 ( 105/ml), it was bactericidal at 1%. With 1% Tego 51low-bacterial-count milk at 20(C did not sour for 4 days after the addition, but there was growth of microorganisms and foaming. Pasteurized milk with a high bacterial count was coagulated 1 day after addition of 1% Tego 51.


In tests by Baumgarten (1968), 2% Tego 51 destroyed the trophozoites of Toxoplasma gondii as tests by subsequent intraperitoneal injections of the trophozoites  in mice. When 50% serum was used as the diluent, exposure of the trophozoites had to be prolonged by a factor of 5. Sykes (1965) noted that in the presence of blood, Tego 51, 103G, and 103S solutions, active at 0.2% in its absence, required an increase to 10%. In whole milk, an increase to 4% was necessary. Ayliffe (1966) gives data to show that 1% Tego 103G, which killed  Pseudomonas 

aeruginosa in 1 minute, was not germicidal in 10 minutes with20% serum. In his tests, phenols, a quaternary ammonium compound, and chlorhexidine were less affected by the serum. Yoh and colleagues (1984) reported that a combination of benzalkonium chloride and Tego 51 was effective in the presence of calf scrum.
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Fig 15-3  Effect of Tego (2% w/v) and domiphen bromide (1% w/v) on B. pumilis at 25(, 37(,and 50(C. Black circles, domiphen bromide treated spores; clear circles. Tego treated spores: triangles, at 25(C squares, at 50(C. From Sykes. G. 1970. The sporicidal properties of chemical disinfectants. J. Appl. Bacteriol., 33. 147-156.

General Properties


The most obvious property of these compounds is their surface activity. Whether the germicidal activity depends on surface activity or not, the relationship between concentration and these activities is evident (Table 15-5). And certainly the wettability, detergency, and penetrating power resulting from surface activity would be expected to assist in antimicrobial effectiveness. Yet yamada (1968), employing Tego 51 and 103G along with other surface-active disinfectants applied to bacterially contaminated glass rods and dental burs, concluded that there was no relationship between disinfection and the physiochemical properties of these compounds. According to his measurements, the degree of surface tension and the permeability of amphoteric surfactants at working concentrations were less than those of isopropanol and saponified cresol, but higher than those of other disinfectants. The Tego compounds were also found to be inferior to the saponified cresol in detergency.

Table 15-5. The Effect of Concentration of Tego Compounds on Surface Activity (100% Surface Activity Equals Approximately 25 to 30 dynes/cm)

	Surface Activity (%) at Concentration (%)

Tego No.    0.05       0.1       0.2        0.3        0.4        0.6



	103S             21         46        86         98        100       100

103G            31         49        70         80          90       100

51                 60         88        98        100       100       100

51B              46         68        92        100       100       100





T. Nakamura (1958) noted that pretreatment of bacteria with surface-active agents improved the action of some disinfectants since the surfactant made it easy for the disinfectants to penetrate the organism. He employed several surfactants, one of which, di-(octylaminoethy) glycine’HCl, is chemically related to the Tego compounds. This surfactant and sodium alkylarene sulfonate in 0.1% or higher concentration, and a quaternary ammonium compound at 0.002% or higher, improved the disinfecting activity toward  Staphylococcus aureus of phenol, mercuric chloride, Mercurochrome, and Acrinol (aminoacridine compound. Nonionic compounds,however, had no influence on activity. The hardness of ater was found not to affect the bactericidal properties of Tego 51 (Puhac and Hrgovic. 1969), nor did alcohol (Herrmann and Preuss, 1949) affect Tego 103. 

Another interesting property of the Tego compounds is their ability to adsorb onto solid surfaces and leave film that resists removal by running water. This can be shown by a clear zone on seeded agar plates around pieces of material which had been put in1% Tego solotion for 5 minutes and thoroughly rinsed with water. Similar adsorption to the bacterial cell is no doubt functional in germicidal action Adsorption on glass is greater than on metals and is equivalent to a maximum of 0.24 mg/L on a 0.5-L bottle with an area surface of 230 sq.cm (Goldschmidt, undated, b). This might be of concern in bottle washing disinfection, except for the fact of the low toxicity of the compounds. The quantity of adsorbed compound is determined by titration with guanidinium dodecylbenzenesulfonate on eosin, or colorimetrically after producing a blue color with ninhydrin (Cramer, 1958).

The toxicity of AMPHOLITE 51 compounds according to the manufacturer’s data is low – a minimum lethal dose taken orally of 3 g/kg for the undiluted concentrate-which is slightly greater than that of table salt. SOERENSEN and co workers (1969), conducting toxicity tests on AMPHOLITE 51 with Swiss mice, observed that at the recommended concentrations of 0.5 to 1.0 %, the compound did not influence the weight increase of the animals, and pathologic in vestigation did not reveal lesions due to the drug. With 1 % AMPHOLITE 51, there was no difference from the control, but with 3 % and higher, the animals failed to gain weight in 18 days of testing. Table 15-6 gives the data on their survival tests when AMPHOLITE 51 solution was used in place of drinking water. It is noted that toxicity was demonstrated between 1 and 3 % and was progressively greater at concentrations of 5 and 10 % With regard to skin compatibility of MICROBIOCIDAL AMPHOTERICS, it is noted that skin reactions are rare, since only 0.3 % of users show signs of any skin reaction HERRMANN and PREUSS (1949) reported that solutions of AMPHOLITE 51 did not damage skin when used as a detergent for a month. SANDERINK and SINGELENBERG (1963) noted, in the nursing staff, several cases of contact dermatitis linked to AMPHOLITE 51. Patch tests were performed. It appeared to them that dermatitis must be partly attributed to a toxic reaction and party to sensitization.

Table 15-6 Surcical of Mice with AMPHOLITE 51 in Drinking water

_________________________________________________________________

AMPHOLITE 51

Number of Animals lire After (Days)

Solution (%)
0
3
6
9
12
15
18

______________________________________________________________________________________

0

20
20
20
20
20
20
20

0.5

20
20
20
20
20
20
20

1.0

20
18
18
18
18
18
18

3.0

20
20
18
18
18
18
18

5.0

20
18
18
18
18
18
18

10.0

20
18
16
12
12
12
10

______________________________________________________________________________________

AMPHOLITE AMPHOTERIES have no odor, but it is claimed that they act as deodorizers when used in normal concentrations. It is said that when bowls filled with TRIETHYLAMINE, which smells somewhat like pickled herring, are rinsed with AMOHPLITE solution, the bowls are deodorized, whereas those rinsed with water are not (GOLDSCHMIDT, undated, c).

MICROBIOCIDAL

As is well recognized, bacteria become restant to some antibacterial substances. Tests were run to see if this occurred with Tego materials. Data are presented on germicidal tests of Tego on E coli after 25 and 50 subcultures on sublethal concentrations of Tego biocides. The results indicate no difference in growth at different concentrations and exposed for different lengths of time for the tests prior to subculturing and after 50 subcultures. Results with Staphylococcus aureus were also reported to be negative in fegard to induction of resistance. Further, from a practical standpoint, swabs taken from rooms treated with Tego materials did not show the presence of a predominant organism (Goldschmidt, undated,d). As already discussed in the section Antimicrobial Activity, some microorganisms developed resistance to Tego compounds.
It is claimed that the solutions of microbiocidal amphoterics resist deterioration in use and may be recovered and used again. Since the strength of the solution may be reduced due to adsorption on surfaces, this should be determined by one of the chemical methods and makeup concentrate added.

The heat and light stability of eight samitizers was investigated by Gelinas and Goulet (1982). Solutions at 40(C at use concentration were exposed to florescent light of 50,000 lux. For 6 days. The hypochlorite and iodophor lost antibacterial activity after 2 days, but Tego 51 retained full activity for the 6 days.

Tests on the corrosiveness of Tego 51 to metals were reported by Hurka (1961). A number of metals were exposed to 1 % Tego 51 for 48 hours at 20(and 50(C. The results showed little effect on stainless steel, aluminum, or tinned iron, which are metals commonly used in dairies and food plants. Iron, copper, and brass, however, showed considerable pitting and corrosion. Tests on Tego 51, 103S, and three other commercial disinfectants were run by Puhac et al. (1969). They observed that aluminum was not corroded by any of the disinfectants. Unlike the findings of Hurka, the Tego compounds were the least corrosive for iron, but in agreement with Hurka, they were the most corrosive for copper and brass. Tego 103S and two non-ampholytic materials caused great corrosion of zinc.

APPLICATION IN HOSPITALS AND MEDICNE
Skin Disinfection

Use of Tego in disinfection of the hands for surgery or merely for hygienic purposes is one of the oldest applications, having been described by Herrmann and Preuss in 1949. They employed a disinfectant, di-(octylaminoethyl) glycine lactate, in solution with an amphoteric detergent, alkyl- aminoethylglycine hydrochloride. This mixture was at that time called Tego 103, but the composition of Tego 103 has been changed over the years. By the Liesegang test, the detergency of a 10% solution was 6 to 10, compared to equal concentration of anionactive soap of 15 to 30, and cation-active quaternary compound of 20 to 25. In practical tests, thick suspensions of bacteria were swabbed on the back of the hand and underarm and rubbed in. After drying, 10% solutions of disinfectants were applied. None produced sterility in 1 minute, but in 5 minutes’ contact with Tego and two other disinfectants (Kodan and Desderman), sterility was achieved with E. coli Staphylococcus aureus. With Mercurochrome and dibromal, there was some growth.

 Naumann (1952) conducted experiments on surgical hand disinfection using Tego 103S (at that time containing an octyl rather than a dodecyl group), a quaternary compound (Desogen), and anion-active phenolic soap (Bactol). He found that, on the hands, Desogen formed a continuos antiseptic film and was able to block the transfer of bacteria completely. This protective film was destroyed by soap, serum, or mucous membranes. Bactol was without influence on the transmission of germs, whereas Tego had, in addition to its bactericidal properties, the ability to form a tight unimolecular film and thereby reduce the transmission of bacteria from washed and unwashed hands. The film, however, was destroyed by soap and protein. In another study on the disinfection of hands for surgery, Gunther and Sprossig (1955) discovered that a high degree of hardness of the water, whether carbonate or noncarbonate, is advantageous. For ordinary hand washing and for instrument disinfecting, high noncarbonate hardness is somewhat disadvantageous and carbonate hardness advantageous. Tego 103S was found to be indifferent to the chemical composition of the water.

 Frisby (1959) gave his results with Tego 103S in preoperative skin preparation. The shaved and washed skin was prepared just before the operation by being thoroughly swabbed twice with a 1% solution of the compound and then left wet. Of the 24 swabs taken from the skin before it was prepared, 5 gave no growth and the remaining 19 gave growth of micrococci. Further, 4 also gave growth of Streptococcus viridans and of Bacterium anitratum, and 1 of spore-bearing organisms. Of the 24 swabs taken from the closed wound at the end of the operation, 3 gave growth of micrococci and 21 no growth. In Frisby’s opinion, these findings indicated that Tego 103S is a good skin- cleansing agent for preoperative use. Before the wounds were dressed, they were again swabbed with Tego 103S and then covered with Nobecutane (thiram). All wounds were swabbed on the third postoperative day at the time of the first dressing. Of 33 wounds swabbed, 8 gave no growth, 3 produced Staphylococcus aureus (but did not look infected). 17 yielded micrococci, 2 gave Streptococcus viridans, and I gave E. coli and Bacterium anitratum. Compared with the wound-infecting rate for two wards. Frisby concluded that this was an extremely good record. On the subject of hand cleansing with this agent, he noted three advantages: (1) the time for scrubbing up is much reduced, (2) the need for scrubbing of the skin is eliminated, (3) the skin usually remains free from viable organisms for long periods.
Studies mentioned earlier by Hesselgren et al. (1973) have shown that Tego 51 may have value as an antiseptic in the oral cavity. At concentrations exceeding 10 ppm, it inactivated bacteria in dental plaque material. The optimum effect was at neutral pH, but saliva decreased the inhibitions. Curti and Pagani (1977) investigated the use of Tego 51 sterilize rubber ontologic dams. A 1% solution killed gram-negative bacteria on these objects, but not gram-positive bacteria or fungi.

Disinfection of Instruments, Walls, and Floors


Tego 103S is also recommended by the manufacturer for disinfection of surgical instruments and rubber articles (1% solution for 10 minutes’ minimum contact) and for prophylactic foot baths (1% solution for 5 minutes’ minimum contact). For disinfection of operating theaters, wards, dick rooms, toilets, and equipment, he related Tego 103G is recommended. Frisby (1959) employed it for such purposes in a hospital and recorded his findings. An operating theater was sprayed weekly and the walls and floors were mopped more often with 1% 103G. Twenty swabs biweekly for 6 months were negative for Staphylococus aureus and Clostridium welchii. When 103G was replaced with 1 % phenol,6 of 32 and then 17 of 32 swabs were positive for Clostridium welchii in two periods. When 103G was started again, this organism disappeared. The surgeons’ and nurses’ changing rooms and sitting rooms were found to be rich sources of these two organisms, but 2 weeks after cleaning with 103G, all the swabs were negative. The contamination was found to be introduced on the shoes of the staff, 20 out of 24 were positive for Clostridium welchii. After washing the shoes with 1% 103G, none showed growth of the organism.

Jones al. (1962) evaluated the control of wound sepsis in a badly overcrowded, old hospital. In the operating theaters, even after cleaning, swabs of the walls and floor gave profuse growth of Staphylococcus aureus. Clostridium welchii, and aerobic spore formers. After spraying with 1% 103G, check swabs were virtually sterile. Since the bed curtains were badly contaminated with staphylococcus aureus and coliforms, an experiment was conducted with curtains made of Terylene that were dipped into Tego solution and dried overnight. Preliminary bacteriologic tests showed them to be virtually sterile. Since disinfecting the operating theaters had proven successful. Tego treatment of the wards by mopping the walls and floor once a week was attempted. It was reported that saline-moistened swabs from the floor yielded many fewer organisms than before. The overall results in this hospital in terms of number of cases of wound infection reported over 2.5 years indicated that, prior to the use of Tego, there was an average of ten cases, whereas after Tego treatment, the number of cases decreased to about two and the germicidal agent was considered to have been effective.

The treatment of floors with disinfectant to prevent the spread of infection is one that has engendered a great deal of controversy (see Jones et al., 1962, and Ayliffe et al. 1966, for discussion and references ). As is seen above, the treatment of hospital floors with Tego 103G was found to be successful. Frisby (1961) also claimed success in the disinfection of hospital floors. In one experiment, the floor of the surgical ward with thermoplastic tiles was investigated for staphylococcus aureus. For 7 weeks prior to using Tego 103G, the counts were from 2 to 5 million per gram of dust. For 4 weeks after mopping with 1% 103G, the count fell to low values, sometimes less than 100 per gram. The experiments were continued in other surgical wards floors of terrazo, wood, linoleum, etc. After 18 weeks, the counts remained low except where overzealous maids mixed soap with the Tego and neutralized its bactericidal effect.

Opposed to such affirmative findings are those of Ayliffe and co-workers (1966). In their experiments, which included Tego 103G and 13 other disinfectants, impression plates showed little or no reduction of total bacteria of Staphylococcus aureus on exposed floors 1 hour after treatment. When the floor was covered with a box after treatment to prevent recontamination, however, the reduction with the disinfectants was 93 to 99%, and with just soap and water 80%. The difference in results between the soap and water and disinfectants was statistically significant, but the findings suggested that none of the treatments was practical because of rapid recontamination. The differences between these findings and those of other workers would seem to be caused by the method of testing. However, whatever the explanation, the results with infection of patients, if sufficiently confirmed, would appear to be more convincing than laboratory tests.

Other possible medical applications of the Tego compounds that have received attention are as a vaginal antiseptic and as an antiseborrheic agent. Jones et al. (1962) refer to the former, having employed Tego 103G in vaginal operations and noting that preliminary finding in dicated that this substance rendered the vaginal operation field completely sterile before operation. Tego Betaine, a detergent of related structure, has also been reported to be effective in vaginal deodorant douches (Nowak,1968) and antidandruff shampoo bases. Tego 103S was among a list of 20 chemicals for antiseborrheic properties against the bacterial agents of infectious dandruff, Staphylococcus aureus, Pityrosporum ovale, and Microsporum lanosum. And showed appreciable antibacterial activity, though less against Staphylococcus aureus than several of the more active materials (Lubowe, 1957). There has also been some interest in Tego compounds for dental hygiene (Kamada, 1963, 1964).

APPLICATION IN FOOD AND BEVERAGE

INDUSTRIES


In the food industries, the Tego compounds are employed as sanitizers and disinfectants, not as food preservatives to be incorporated in the food. The two preparations used most in this area are Tego 51, which is recommended for the food industry, especially milk, meat, and fish processing, and Tego 51 B for use in the beverage industry, for soft drink manufacture and brewery application.

Dairy and Meat Industries


Perhaps the greatest application of Tego 51 in the food industries is in dairies, including the following: 1% solution for hand washing and cleaning of boots and rubber aprons; 0.5 to 1% for cleaning of milk tanks and cans; 0.2% in pipes, hoses, and pumps; 0.2% after cleaning heaters, coolers, separators, and homogenizers; 0.05 to 0.1% in ice water used for cooling; 0.2% rinse after cleaning butter churn; 0.5 to 1% spray following cleaning of cheese vats, presses, and sieves; circulation of warm 0.5% solution through freezers and other ice cream equipment (Goldschmidt, undated, e).

In both the dairy and meat industries, some types of bacteria are necessary in food processing; Tego 51 does not interfere with them as long as the concentration of Tego in the product is below 0.05%, and it should be much below this amount if there has been sufficient rinsing with water. In tests of 1% Tego 51 on milking equipment, Yablochkin (1971) found that Tego  demonstrated high wetting and germicidal properties, causing neither skin irritation nor corrosion of aluminum; however, it was somewhat less than the Soviet product, Desmol. Wagner et al. (1971) preferred iodophores to Tego 51 for the milk industry since they reported the former solutions at 1% give complete sterility, killing Pseudomonas aeruginosa and schizomycetes instantly and hypomycetes in 1 hour and inhibiting fungi after 24 hours.

 Tego 51 is claimed to provide overall protection against meat-decomposing bacteria and meat-inhabiting pathogenic microorganisms (see Goldschmidt, undated, F, for 48 references). It is reported that bacteria causing epidemic diseases and those putrefying food are killed in a few minutes by a 1% solution. With it, salmonellae on wooden surfaces are killed in 12 minutes and on aluminum in 3 to 5 minutes. Other organisms mactivated or killed are beef trichophyta, chicken aspergilli, live mycoplasma, swine fever virus, Newcastle disease virus, and the organisms causing enzootic pneumonia. Applications include disinfection of slaughtering rooms instruments and machines, cattle transport vehicles and loading bays, postmortem areas, meat-cutting tables, slicers, mincing machines, scalding and eviscertion vats, meat canning equipment, and display cases in butcher shops.


According to Edelmeyer and Laqua (1978), Tego 51 is a safe, suitable disinfectant for use in the processed edible gelatin industry. The minimum inhibitory concentration of Tego 51 in gelatin was found to be 90 ppm. The nontoxic effect level was said to be 300 ppm, and an acceptable daily intake was 3 ppm or 9 mg per person per day.

The newest addition to the Tego line is Tego 2000, a mixture of an amphoteric surfactant and a cationic one, as shown in Table 15-1. It is made by the reaction of Nalky-propanediamine-1,3 with monochloroacetic acid. The alkyl group is of native origin. This product is a general disinfectant and sanitizer for the food and beverage industry, but is also used in hospitals and medical applications. Its antibacterial activity in hard water and in the presence of albumin is presented in Table 15-7 and its toxicity data are given in Table 15-8.

Soft Drink and Brewing Industries


Schara (undated) reported on extended experience with Tego 51B in the soft drink industry. In practice, 0.5% solution was effective for short-contact-time disinfection of tanks and equipment and 0.1% for longer contact time in pipes. In his factory Schara applied the disinfectant on Fridays after cleaning the system with caustic soda. A 0.1% solution in hot water was pumped through a closed circuit of pipes and vessels for one-half hour and then left in the system over the weekend before removal. Upon rinsing, water samples were filtered through a membrane filter and incubated on wort or orange juice agar. This medium was selective for yeasts, lactobacilli, spore-forming aerobes, Achromobacter, and molds the types of organisms that infect such drinks. From the results of 734 samples taken during operation in his lemonade plant, Schara noted that about 50 % of the counts in the table were completely acceptable, and the others were so low that they indicated no danger of infection of the lemonade. The organisms were ubiquitous, with only a few lemonade contaminants. In the circuit with the heater, 90% of the samples were sterile. Only 25 % of the tanks were sterile since they were opentap tanks and became recontaminated. The fillling machines and filling nozzles were difficult to disinfect because of faulty design that required improvement. Schara concluded that disinfection with Tego 51B was highly satisfactory.

Table 15-7. Antimicrobial Activity of Amphoteric Microbiocide Tego 2000 (Th. Goldschmidt AG) Suspension Test in Standard Hard Water and 0.2% Albumin

	                                                   Log reduction (minutes)

                                         Hard Water          Albumin

Concentration                ____________      ___________

       (%)                            5      30     60       5     30      60

	Staphylococcus aureus  

      0.75                          _        _       _        5.4   5.2   5.3

      0.50                          _        _       _        4.7   5.0   5.0

      0.25                         5.0    5.4     5.2      4.0   5.0   5.5

      0.10                         4.3    5.3     5.1      2.8   5.0   5.5

      0.05                         3.6    5.0     4.9      1.1   2.4   3.1

      0.025                       1.7    4.2     4.9      0.2   0.5   0.6

      0.0125                     0.7    2.5     3.5        _       _     _

      0.00625                   0.08  0.5     0.5        _       _      _

Pseudomonas aeruginosa

      0.50                        4.6    4.2      4.0     4.9    4.7    5.0 

      0.25                        4.3    4.1      4.0     4.4    4.3    4.7

      0.10                        4.0    4.0      4.0     3.2    3.3    3.8

      0.05                        3.0    3.3      3.6     1.9    2.8    3.0

      0.025                      1.8    2.7      2.6     0.04 –0.05  0.0

      0.0125                    1.1    2.0      2.2       _       _        _

      



The production of alcoholic beverages, beer, wine, and distilled beverages requires a high degree of sanitation because the condition of the medium for a considerable period of time must favor the growth of desired microorganisms, thus allowing also the growth of undesired organisms and their deleterious effects on yield and flavor. Cultured yeasts are the desired organisms; those undesired are wild yeasts, thermophilic bacteria, lactobacilli, sarcinae, and molds. Nikolov et al. (1970) studied the control of competing microorganisms in the fermentation of cane molasses to alcohol by the use of antiseptics such as ampholytes and quaternary ammonium compounds in the molasses. Tego 51B was effective at 0.05% in destroying the unwanted microflora. Adapting the yeast to the antiseptics was proposed to raise its resistance and to thereby not hinder the fermentation.

 Table 15-8  Toxicity of Amphoteric Mirobiocide Tego 2000 (Th. Golkschmidt AG)

	LD50  oral (rat): 3783 mg/kg

LD dermal (rat): 2000 mg/kg

Draize test 1% solution: no irritation

NOEL (no observed effect level): 12.5 mg/kg/day

ADI (Acceptable daily intake): 8.75 mg/person/day



In the brewing industry, the use of Tego 51B as a disinfectant has been of interest since it does not cause beer turbidity with less than 4 ml/L of a 0.1% solution in bottom fermented beer, does not produce chill haze with as much as 2 ml of 0.1%  Tego 51B per liter of beer, and has no effect on head retention with as much as 16 ml/L of a 0.1% solution. Further, 8 ml/L of a 0.1% solution has no effect on taste or smell (Goldschmidt, undated, g). In the brewery, fermented beer is partially protected against infection by its alcohol and carbonic acid, but fresh wort is readily tainted and spoiled. Solutions of 0.1% and 0.5% Tego 51B are prescribed for use on brewery equipment in a manner similar to their use in the soft drink plant.
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