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ABSTRACT 
 
 

Yucca (Yucca schidigera) and Soapbark (Quillaja saponaria), both native desert 

plants, are major commercial sources of saponin extracts. Yucca schidigera is native to 

the southwestern United States and to the arid Mexican desert, and Quillaja saponaria is 

found in arid areas of Chile. Saponins have detergent or surfactant properties with both 

water-soluble and fat-soluble components.  

The use of natural saponins from yucca and soapbark as an additive in the diet, 

has  improved production in aquatic organisms. The purpose of this study was to evaluate 

the effect of inclusion of Nutrafito plus (NTF+), which is a mixture of Yucca and 

Soapbark extracts, on growth, survival, and development of Nile tilapia Oreochromis 

niloticus and the effect on growth, survival, development, and digestive enzyme activities 

for juvenile Pacific white shrimp Litopenaeus vannamei. 

The extracts were included at different levels in the diets of tilapia and shrimp in 

four experiments. In experiment 1, at the end of 6 weeks there was no significant 

difference (p > 0.05) between growth rates of tilapia fed 6 different diets, with no 

mortality nor abnormal behavior in any of the treatments. Water quality parameters were 

determined weekly and remained within recommended limits for Nile tilapia culture.  

In the second trial, at the end of 40 days, there was no significant difference (p > 

0.05) between growth rates of fish fed 7 different diets with various levels of Nutrafito. 

There were no mortalities during the experiment.  

In the third trial, 20 tanks (140 L each) were stocked with 10 shrimp each. Tanks 

were divided into 5 treatments with 4 replicates each. There was significant difference (p 
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< 0.05) between growth rates of shrimp fed 5 different diets, with higher growth rate at 

higher levels of inclusion.  

In the fourth trial, 15 tanks (140 L each) were stocked with 10 shrimp each. Tanks 

were divided into 5 treatments with 3 replicates each. There was significant difference 

between growth rates and feed conversion ration of shrimp fed 5 different diets. In 

addition, an analysis for digestive enzymes activity was done and no significant 

difference (p > 0.05) was found between treatments.  
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INTRODUCTION 
 

 
 
Aquaculture as a growing industry 
 

Aquaculture has undergone some changes over the last two decades, growing 

from small-scale homestead-level activities to large-scale commercial farming, exceeding 

landings from capture fisheries in many areas (National Research Council, 1992). 

According to the Food and Agricultural Organization of the United Nations (FAO, 2008), 

the growth of capture fisheries was at an annual average rate of 1.2%, while the growth 

from aquaculture (excluding aquatic plants) was at a rate of 9.1%. This growth is faster 

than any other systems of animal food production. It is expected that this growth will 

continue as global population grows and per capita consumption of seafood increases and 

consumption of other protein sources decreases. As an example, fish consumption per 

capita increased 24% from 1970 to 1998, legumes increased 13%, while egg and meat 

consumption had a net decrease. 

The need to increase aquaculture production is driving the industry toward more 

intensive practices. Part of this trend is to improve the feed efficiency and metabolic 

assimilation of dietary nutrients given to organisms (Francis et al., 2005). 

In recent years there have been significant advances in the culture of several 

tilapia and shrimp species (Hetzel et al., 1999). Food and feeding are two important 

aspects to be considered in aquaculture (Martinez and Campaña, 2003). In a semi-

intensive system, supplementary feed can represent more than 50% of the cost of 

production (Jory, 1995). 
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The use of additives in aquaculture diets such as antioxidants, pigments, and 

antibiotics have enhanced the development and food efficiency up to 25% in shrimp 

(Akiyama, 1993).  There is a strong interest to include additives of natural origin in 

aquaculture feed such as yucca and quillaja extracts (Francis et al., 2005). Research 

showing the presence of steroid saponins in the plant kingdom and significance to plant 

growth was reported over 65 years ago (Balansard and Pellissier, 1943).   

Research showing the presence of steroid saponins in the plant kingdom and 

significance to plant growth was reported over 65 years ago (Balansard and Pellissier, 

1943). Plants rich in saponins, have been used for food applications, and have also been 

designated as safe for human consumption and are Generally  Recognized As Safe 

(GRAS) substances. The Federal Food and Drug Administration (FDA) has approved 

yucca and quillaja in the category (21 CRF 172.510) (Price et al., 1987). Yucca and 

Quillaja saponins have both current and potential applications in animal and human 

nutrition. Saponin extracts have ammonia-binding activity. They are extensively used as 

dietary additives for ammonia and odor control in pig and poultry-raising facilities and in 

dog and cat foods. Yucca saponins, and perhaps other components of yucca as well, have 

ammonia-binding activity. When added to the diet, yucca saponins pass through the 

digestive tract unabsorbed and are excreted in the feces. In the excreta, the yucca 

components bind to ammonia and certain other odiferous compounds and prevent them 

from being released into the air. In recent studies in England, feeding of yucca extract to 

dogs and cats was shown to reduce fecal odor and reduce emission of volatile compounds 
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contributing to fecal odor. Many pet foods and "kitty litter" products now contain yucca 

extract to reduce these noxious odors (Cheeke, 1996). 

 

Uses and regulatory status of Yucca schidigera and Quillaja saponaria 

Yucca schidigera and its water soluble extract have had a long history of safe use 

as a food material for humans and livestock. In the early 1900’s feeding trials conducted 

in the southwestern United States showed Yucca to be suitable forage for cattle (Jones 

and Conner, 1918; Forsling, 1919).  In 1965 Yucca schidigera was approved for use in 

human food without restriction (21 CFR 172.510).  This action was taken independently 

by the FDAand not as the result of an industry petition (Oser, 1965). Yucca schidigera 

extract is the most widely used natural foaming agent in the U.S. beverage industry 

(Cheeke, 2000). 

Quillaja saponaria is recognized by The Committee for Medicinal Products for 

Veterinary Use (CVMP) of the European Medicines Agency (EMEA) and included in the 

“Annex II” of the Council Regulation (EEC) Nº 2377/90, as a non Maximum Residue 

Limits or MRL compound, (MRL assessments in the context of Council Regulation EEC 

No 2377/90; London, 5/09/05, EMEA/CVMP/765/99-Rev.14). Quillaja extracts are 

approved for use in food and beverages by the FDA under 21 CFR 172.510, FEMA 

GRAS number 2973, and approved in the European Union for use in water-based non-

alcoholic drinks under code E 999. CAS number: 68990-67-0. 

Quillaja saponins, different than yucca saponins, are triterpenoid in nature. 

Quillaja saponins have been used for a long time as adjuvant, mainly in veterinary 
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vaccines (Dalsgaard, 1978). They also have the ability to form micelles and complexes 

with cholesterol; this property has made them useful in the production of ISCOMS 

(Immune Stimulating Complexes) another important use of Quillaja saponins in the 

pharmaceutical and medical industries (Morein et al., 1987). 

Production of Yucca schidigera and Quillaja saponaria 

Yucca schidigera (Fig 1) is native to the southwestern United States and Mexico. 

Currently, most commercial production of yucca products takes place in Mexico. Yucca 

plants are harvested by farmers and carried to processing plants. The trunk of the plant 

(yucca log) is the part used. The logs are mechanically macerated and either dried and 

ground to produce 100% yucca powder, or the macerated material is subjected to 

mechanical squeezing in a press, producing yucca juice. The juice is concentrated by 

evaporation, with the concentrated product referred to as yucca extract. The term “yucca 

extract” is slightly misleading, in that the plant juice is removed by mechanical means, 

rather than by solvent extraction. 

Quillaja saponaria (Fig 1) is a tree native to Chile and it grows abundantly from 

the foot hills mountains of the Andes to the coastal range. Traditionally, the bark has 

been used as a source of saponins. Newer processing techniques use the wood as well 

(San Martin and Briones, 1999). The wood and bark are boiled in large tanks, the water 

extract is drawn off, and the extract is concentrated by evaporation. 
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Yucca schidigera (México)                           Quillaja saponaria (Chile) 
 

Fig 1. Yucca (Yucca schidigera) and Soapbark (Quillaja saponaria). 

Phyto-chemical components of Quillaja and Yucca 

Saponins are glycosides present in many different plants, both wild and 

cultivated. They are basically natural surfactants or “soap” like molecules that foam when 

agitated in a water solution. Although many plants have saponins, few have a large 

enough concentration to be suitable for industrially exploition, among these are Quillaja 

and Yucca. In cultivated crops the triterpenoid saponins are generally predominant, while 

steroid saponins are common in plants used as herbs or for their health-promoting 

properties (Fenwick et al., 1991). 

Polyphenols are present in both Yucca schidigera and Quillaja. It is widely 

recognized that some polyphenols have antioxidant and free radical scavenger activity. 

This may also account in part for the beneficial effect of these products when fed 

regularly to livestock. 
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Main components of Yucca and Quillaja 

• Steroid saponins (in Yucca) 

• Triterpenoid saponins (in Quillaja)  

• Oligosaccharides 

• Polyphenols of Yucca (yuccaols) 

• Polyphenols of Quillaja (epicatechins like Green Tea) 

• Stilbenes and Resveratrol (Yucca) 

 
Main characteristics of saponins 

• Saponins are secondary plant metabolites 

• Chemically, saponins are glycosides or sugar chains attached to a triterpenoid or a 

steroid backbone 

• Found in many traditional plant medicine preparations 

• They normally form froth in water solutions 

There have been some recent reviews of various properties of saponins (Kensil, 

1996; Sen et al., 1998; Barr et al., 1998; Yoshiki et al., 1998). The purpose of this short 

review is to provide an overview of the effects of Quillaja saponins, when present at low 

levels in the diets of important species of farmed fish, common carp (Cyprinus carpio) 

Nile tilapia (Oreochromis niloticus), and Atlantic salmon (Salmo salar). 

Dietary levels of triterpenoid Quillaja saponins of 150 mg/kg showed potential 

for promoting growth and nutrient utilization in common carp and tilapia (Francis et al., 

2001b, 2002b). Growth in common carp was significantly higher than control only when 
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there was a continuous dietary supply of saponins (Francis et al., 2002a). The growth-

promoting effect was not pronounced in common carp fed steroid Yucca schidigera 

saponins. The effects of dietary saponins in fish such as higher growth and reduced 

oxygen consumption and metabolic rate, (Francis et al., 2001b; 2002a, b) point to a 

possible systemic effect. The mechanisms whereby Quillaja saponins increased the 

growth and food conversion efficiency in fish remain to be ascertained.  

Saponins are naturally occurring surface-active glycosides. They are mainly 

produced by plants, but also by lower marine animals and some bacteria (Riguera, 1997; 

Yoshiki et al., 1998). They derive their name from their ability to form stable, soap-like 

foams in aqueous solutions. This easily observable character has attracted the human 

interest from ancient times. Saponins consist of a sugar moiety usually containing 

glucose, galactose, glucuronic acid, xylose, rhamnose or methylpentose, glycosidically 

linked to a hydrophobic aglycone (sapogenin) which may be triterpenoid (Figure 2) or 

steroid in nature (Figure 3). 

Fig 2. Triterpenoid saponin from            Fig 3. Steroidal saponin from  

Quillaja saponaria             Yucca schidigera 
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Potential of Quillaja saponins as additives in aquaculture feeds 

The mode of action of saponins on the intestinal membranes in vivo is not yet 

clearly understood. Ingested saponins are exposed to many potential ligands in the 

intestine like bile salts, dietary cholesterol and membrane sterols of the mucosal cells, 

and nutrients in food (Francis et al., 2002b). Saponins may have significant effects on  

all phases of feed utilization, from ingestion of feed to excretion of wastes (Cheeke, 

1996). 

Physiological Activity of Saponins 

 

• By Binding to sterols in cell membranes 

 

Intestinal mucosa and gut permeability.  

Nutrient absorption 

Anti-protozoal activity 

Immune responses 

Hypocholesterolemia 

 

• By Surfactant-emulsifier properties 

 

Fat digestion 

Micelle formation 

Viscosity 

Membrane effects on bacteria 

 
Applications of Quillaja and Yucca extracts (saponins and polyphenols) in 

Animal Nutrition 
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• Modified nutrient absorption; modified fat digestion and absorption 

• Altered rumen fermentation; modified nitrogen metabolism 

• Anti-protozoal activity 

• Odor and ammonia control (by Polyphenols fractions) 

• Enhanced immune responses 

• Reproductive effects 

• Arthritis prevention 

• Improved animal performance and growth promoter activity 

• Natural Antioxidant 

Johnson et al. (1986) found that some saponins increase the permeability of 

intestinal mucosal cells in vitro, inhibit active mucosal transport and facilitate uptake of 

substances that are normally not absorbed. Saponins (from Quillaja, Gypsophila, clover, 

guar and alfalfa) also lowered transmural potential difference (TPD-the electrochemical 

gradient that acts as a driving force for active nutrient transport across the brush border 

membrane of the intestine) across the small intestine of the rat (Gee et al., 1989). Here, 

the stereo-structure of the saccharide chain appeared to be an important feature in 

conferring this ability. 

Dietary saponins are poorly absorbed possible because they bind on intestinal 

mucosa. This might be a protective mechanism to prevent saponin toxicity, which is 

essential in herbivores (Gee and Johnson, 1988; Hostettmann and Marston 1995; Cheeke, 

1996). 
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Use of saponin products in fish 

Growth stimulants are used by many modern aquaculture operations to enhance 

the production of fish. As the use of potentially hazardous synthetic growth stimulants 

(such as antibiotics and synthetic hormones) is now prohibited in many countries, 

international research focuses on natural, biologically active and renewable plant 

products. Of special interest are secondary plant compounds (e.g., saponins) which have 

been shown to have an impact on growth of tilapia and carp (Steinbronn, 2002). 

Effect of use of high amounts of saponin extracts in fish 

A decrease of growth has been observed in rainbow trout Oncorhynchus mykiss 

(De la Higuera et al., 1988) and tilapia Oreochromis niloticus (Olvera-Novoa et al., 1990; 

Yousif et al., 1994) when high levels of saponin-containing plants, such as lupine seed 

meal and alfalfa have been included in the diet. Bureau et al. (1998) observed a growth 

depression in chinook salmon Oncorhynchus tshawytscha and rainbow trout 

Oncorhynchus mykiss when their diets were supplemented with 0.3% (3,000 ppm) of 

Quillaja saponaria, but not at a level of 0.15% (1,500 ppm). Saponins are generally 

considered to have a toxic effect to fish if added to water, as saponin may damage the 

respiratory epithelia by their detergent action. In many traditional fish poisons, such as 

mahua oil cake, saponins are considered to be the principal active components (Francis et 

al., 2001). 

Effect of use of small amounts of saponin extracts in fish  

Preliminary studies in Germany, determined that the use of small amounts of 

extracts from quillaja (Quillaja saponaria) improves weight gain and food utilization in 
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the tropical fish carp and tilapia (Francis et al., 2002a). Most of the experiments were 

conducted in a computer controlled respirometer system. In the common carp study, 15 

fish weighing 19.2± 2.9 g were reared individually in chambers of a respirometer system 

which allowed feeding, and continuous measurement of oxygen consumption. Fish were 

divided into three groups of 5 fish each, and were given control feed (C group), control 

feed supplemented with 150 mg/kg of Quillaja saponins (QS) (S150 group), and control 

and the saponin supplemented diet during alternate weeks (S150b group), for 56 days. 

Supplementation with QS at a level of 150 mg/kg caused a significant increase in 

metabolic growth rate, food conversion efficiency (FCE), and oxygen consumption per 

unit body mass gain (OPM), better in the S150 group. The performance of the S150b 

group was intermediate between the C and S150 group. It was concluded that there has to 

be continuous dietary supply of QS at the level of 150 mg/kg for maximum positive 

effects of these substances on growth of common carp.  

Francis et al. (2001) investigated the effects of supplementation of a Quillaja 

saponin (QS) mixture in the diets of tilapia Oreochromis niloticus using a respirometer 

system that allowed feeding and continuous measurement of oxygen consumption of 

individual fish. Five fish each were given control diet (C group), or control diet 

supplemented with 150 mg/kg (S150 group) or 300 mg/kg (S300 group) QS. At the end 

of 14 weeks, the body mass gain and the Feed Conversion Rate (FCR) of the S300 group 

was significantly higher than control (p < 0.05) whereas that of the S150 group had an 

intermediate value. The S150 group had a higher growth rate (p = 0.05) after the first 3 

weeks of feeding the experimental diets, compared to the other two groups. At the end of 
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the experiment the average body weight gain of S300 group was 245% over the initial 

body mass, significantly larger than that of the control group (188%), but not that of the 

S150 group (226%). The average oxygen consumption per unit body mass gained was the 

highest in the C group (0.63±0.12 g) compared to the two treatments groups (S150 and 

S300 had similar average values, 0.55±0.05 g), but the differences were not statistically 

significant. 

Francis et al. (2002b) found, common carp had a significantly higher weight gain 

at the end of the 8-week feeding trial using a diet supplemented with Quillaja saponin at a 

level of 150 ppm, compared to the control group with no saponin supplementation, and a 

group fed with 300 ppm saponin supplementation. Average protein utilization values and 

average energy retention value were highest in the group supplemented with 150 ppm 

QS. 

Dissertation format 

The appendices of this dissertation report the findings of 4 separate studies: 1) 

Growth and development of Nile tilapia O. niloticus fingerlings, fed with different diets 

supplemented with soapbark extract, where at the end of 6 weeks there was no significant 

difference (p > 0.05) between growth rates of tilapia fed 6 different diets, with no 

mortality nor abnormal behavior in any of the treatments. 2) Effect of diets supplemented 

with Yucca schidigera and Quillaja saponaria extracts on the growth and development of 

Nile tilapia Oreochromis niloticus juveniles, cultured in cages. In this trial there was no 

significant difference (p > 0.05) between growth rates of fish fed 7 different diets with 

various levels of Nutrafito. There were no mortalities during the experiment. 3) Growth 
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and development of Pacific white shrimp Litopenaeus vannamei juveniles, fed with 

different diets supplemented with Yucca schidigera and Quillaja  saponaria extracts; and 

4) Evaluation of Yucca schidigera and Quillaja saponaria extracts on the growth, 

survival, and digestive enzymes activities of Pacific white shrimp L. vannamei juveniles. 

In the trial 3 and 4 the methods and treatments were similar and there was significant 

difference in both trials (p < 0.05) between growth rates and feed conversion ratio (FCR) 

of shrimp fed the 5 different diets, with higher growth rate and FCR at higher levels of 

inclusion. In the trial 4 an analysis for digestive enzymes activity was done and no 

significant difference was found between treatments.  

The dissertation author was responsible for all the research presented in the 

manuscripts in appendices A, B, C, and D. 
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PRESENT STUDY 
 

 

The objective of the present study was to evaluate the effect of inclusion of 

Nutrafito plus (NTF+), which is a mixture of Yucca and Soapbark extracts, on growth, 

survival, and development of Nile tilapia Oreochromis niloticus and the effect on growth, 

survival, development, and digestive enzymes activities for juvenile Pacific white shrimp 

Litopenaeus vannamei. The extracts were included at different levels in the diets of 

tilapia and shrimp in four independent experiments. 

The methods, results, and conclusions of this study are presented in the 

manuscripts appended to this dissertation. The following is a summary of the most 

important findings in this document 

The manuscript entitled, “Growth and development of Nile tilapia Oreochromis 

niloticus fingerlings, fed with different diets supplemented with soapbark extract” is 

found in appendix A. Eighteen tanks (140 liter each) were stocked with 25 Nile tilapia 

Oreochromis niloticus, each weighing 10.6 ± 2.4 g. Tanks were divided into 6 treatments 

with 3 replicates each. At the end of 6 weeks there was no significant difference (p > 

0.05) between growth rates of tilapia fed 6 different diets, with no mortality nor abnormal 

behavior in any of the treatments. Water quality parameters were determined weekly and 

remained within recommended limits for Nile tilapia culture.  

The manuscript entitled, “Effect of diets supplemented with Yucca schidigera and 

Quillaja saponaria extracts on the growth and development of Nile tilapia Oreochromis 

niloticus juveniles, cultured in cages” is found in appendix B. Fourteen cages (1.20 and 
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0.60 m3) were stocked with 25 Nile tilapia, each weighing 102.7 ± 5.2 g. The cages were 

divided into 7 treatments with 2 replicates each. At the end of 40 days, there was no 

significant difference (p > 0.05) between growth rates of fish fed 7 different diets with 

various levels of Nutrafito. There were no mortalities during the experiment.  

The manuscript entitled, “Growth and development of Pacific white shrimp 

Litopenaeus vannamei juveniles, fed with different diets supplemented with  Yucca 

schidigera and Quillaja  saponaria extracts” is found in appendix C. Twenty tanks (140 

L each) were stocked with 10 shrimp each. Tanks were divided into 5 treatments with 4 

replicates each. There was significant difference (p < 0.05) between growth rates and 

feed conversion ratio of shrimp fed 5 different diets, with higher growth rate at higher 

levels of inclusion.  

The manuscript entitled, “Evaluation of Yucca schidigera and Quillaja saponaria 

extracts on the growth, survival, and digestive enzymes activities of Pacific white shrimp 

Litopenaeus vannamei juveniles” is found in appendix D. Fifteen tanks (140 L each) were 

stocked with 10 shrimp each. Tanks were divided into 5 treatments with 3 replicates each. 

There was significant difference between growth rates and feed conversion ration of 

shrimp fed 5 different diets. In addition, with higher growth rate at higher levels of 

inclusion. An analysis for digestive enzymes activity was done and no significant 

difference (p > 0.05) was found between treatments.  

The results obtained have both scientific and practical implications. Saponins 

have been found to have diverse effects in animal and human systems, and are the active 

compounds in several medicinal and health products. They are also being considered for 
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inclusion in human vaccine preparations. Any additions to knowledge of their effects in 

the animal body are therefore of considerable interest and relevance. The practical 

implications include the potential for increasing the efficiency of feed utilization of 

cultured fish.  

Although we did not find any significant difference in growth rate for Nile tilapia 

fed different levels of NTF+, we did find significant differences in growth rate in shrimp 

fed NTF+. We determined that  there is a potential to use NTF+ as a natural additive in 

shrimp diets to promote growth. NTF+ may improve aquaculture production if 

appropriate culture strategies are applied. 

The inclusion of NTF+ in shrimp diets at levels of 1000 and 2000 ppm, showed 

significant differences for growth and feed conversion ratio compared to the control diet. 

Also the water quality analysis demonstrated ammonia levels, temperature, oxygen, and 

pH within the optimum range recommended for shrimp culture. If NTF+ is able to reduce 

the FCR from 1.49 to 1.06 the feed costs should be reduced with a higher profitability. 

We recommend the use of Nutrafito plus (NTF+) in aquaculture diets as a new basic 

ingredient to prepare formulated feeds in order to enhance and promote growth in Pacific 

white shrimp Litopenaeus  vannamei. 
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GROWTH AND DEVELOPMENT OF NILE TILAPIA Oreochromis niloticus 
FINGERLINGS FED WITH DIFFERENT DIETS SUPPLEMENTED WITH 
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Abstract 
 
 

The soapbark tree (Quillaja saponaria) is harvested to extract its saponins, which are 

used as nutritional supplements for livestock feed. The effects of supplementation of a 

Quillaja saponin (QS) extract in the diets of tilapia were studied to determine the growth 

rate with various levels of supplementation. Eighteen tanks (140 liter each) were stocked 

with 25 Nile tilapia Oreochromis niloticus, each weighing 10.6 ± 2.4 g. The tanks were 

divided into 6 treatments with 3 replicates each. Fish were fed with six diets 

supplemented with different levels of inclusion of QS extract. The control diet (T1) 

contained no extract. Experimental diets were: T2 = 100 ppm = 0.100 g/kg, T3 = 200 

ppm = 0.200 g/kg, T4 = 400 ppm = 0.400 g/kg, T5 = 800 ppm = 0.800 g/kg of QS, and a 

sixth treatment was supplemented with 400 ppm = 0.400 g/kg of Nutrafito Plus (NFT+) 

which is a mixture of yucca (Yucca schidigera) and quillaja extract. The fish were fed 6% 

of their body weight per day. The water quality parameters were determined weekly and 

remained within the recommended limits for Nile tilapia culture. Our objective was to 

determine the effects of several inclusion levels of saponin products provided by Desert 

King International Company of California in the growth of Nile tilapia fingerlings. At the 

end of 6 weeks there was no significant difference (p > 0.05) between growth rates of fish 

fed the 6 different diets.  

 
 
 
 
 
 



 37

Introduction 

Saponins are natural detergents found in many plant products that are potential 

aquaculture feed ingredients (Francis et al. 2001b) One of these kinds of plants is 

Soapbark Quillaja saponaria, a tree that grows in arid areas of Chile. The bark has been 

used as a source of saponins (San Martin and Briones, 1999) 

Quillaja extracts have many uses in the technological field, for example they are used 

in beverages in which stable foam is desirable. Because of their surfactant properties, 

they are used industrially in mining and ore separation, preparation of emulsions for 

photographic films, and in cosmetics such as lipstick and shampoo. The extracts have 

antifungal and antibacterial properties, which are also important in cosmetic applications, 

in addition to their emollient effects. Quillaja saponins have even been used in 

bioremediation of contaminated soil (Fava and Di Gioia, 1998). Quillaja saponin-

containing extracts are currently used as dietary additives for livestock and companion 

animals, especially for ammonia and odor control. (Killeen et al., 1998).  

Some negative effects of several fish feed ingredients like legume seed meals on the 

growth of cultured fish has been attributed partially to the presence of saponins in the diet 

(Bureau et al., 998). However, the antinutritional status of saponins has been different 

between high and low levels and some of them have been postulated to have positive 

effects in animals (Liener, 1994). Francis et al. (2002) described the positive effect on 

growth of common carp (Cyprinus carpio L.) at a dietary level of 150 mg kg-1 Quillaja 

saponins (QS). The objective of this experiment was to determine the effects of several 

levels of saponin products in the growth of Nile tilapia Oreochromis niloticus fingerlings 
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Material and Methods 

Two products, one derived from Soapbark tree (Quillaja saponaria) and the other 

Nutrfito plus (NTF+),which is a mixture of Yucca (Yucca schidigera)  and quillaja 

extract, were supplied by Desert King International Company. A commercial tilapia diet 

35% of protein and 1/8” size pellets (Star Milling Co. P.O. Box 1987 Perris, CA 95572) 

was ground to obtain powder. The powdered feed was divided into six equal portions. 

One portion was designated the control, one was supplemented to 100 ppm = 0.100 g/kg 

of Quillaja saponin (QS), one portion was amended to 200 ppm = 0.200 g/k of QS, one to 

400 ppm = 0.400 g/kg of QS, and the fourth to 800 ppm = 0.800 g/kg of QS. A sixth 

treatment was amended to 400 ppm = 0.400 g/kg of Nutrafito plus (Table 1). The saponin 

extract was diluted with distilled water in a magnetic agitator. The solution was added to 

each of the six portions and mixed for 20 min in a feed mixer. Each of the six portions 

were repelleted on a compression pellet mill (California Pellet Mill Company, 114 East 

Wabash Avenue, Crawfordville, IN 47933, USA) with equal amounts of water (15 % by 

volume) (Fig 1). The pellets were dried in an oven overnight and stored at 4 C.  

 

               

          Fig 1. Equipment used in mixture and pellets manufacture. 
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Treatment Product name Saponin content, % Product inclusion, ppm Saponin, ppm 

Control 0 0 0 0 

T 1 QS 20 100 20 

T 2 QS 20 200 40 

T 3 QS 20 400 80 

T 4 QS 20 800 160 

T 5 NFT+ 3 400 12 
Table 1. Distribution of inclusion levels of saponins. QS = Quillaja saponaria;  
NFT+ = Nutrafito plus.  

 

The experiment was conducted in a recirculating system inside a greenhouse at the 

Environmental Research Laboratory, University of Arizona, Tucson, Az, USA. Nile 

tilapia were obtained from Maricopa Agricultural Center. Eighteen fiberglass tanks (140 

liters each) were stocked with 25 fish each with an average body weight of 10.6 ± 2.4 g. 

each (Fig 2). Three replicates were assigned to each of the six diets. Fish were fed twice 

daily with 3% of the body weight in the morning and 3% of the body weight in the 

afternoon. Fish were weighed and measured at the end of each week and adjustments 

were made to keep the feeding rate at 6% per day depending on incremental growth and 

survival (Fig 3). 

  

Fig 2. Experimental Tanks used during the experiment. 
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Fig 3. Measurement of Tilapia (weight and length). 

 

Water quality parameters such as temperature, pH, dissolved oxygen, ammonia, 

nitrite and nitrate were measured to ensure that water quality remained within limits 

recommended for Nile tilapia culture. The temperature and dissolved oxygen were 

measured daily with a YSI model 54 oxygen meter; pH was monitored daily with a 

Milwaukee model PH 53 pH meter. Ammonia, nitrite and nitrate were monitored once a 

week with a Hach model DR/890 colorimeter. Statistical analyses were analyzed by one 

way analysis of variance (ANOVA) with Tukey’s multiple comparison test using the 

Systat 9 suite of statistical programs (Systat Software, Inc., 501 Canal Boulevard, Suite 

C, Richmond, CA 94804).  

 

Results  

Fish consumed the feed provided completely and the same rate of feeding was 

continued until the end of the experiment. Fish ate the feed pellets as soon as they 

dropped into the tank, reducing the chance for saponins to be leached into the water. 

During the entire experiment, there was no mortality and no abnormal behavior was 

observed in any of the treatments. 
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Average feed conversion ratio ranged from 1.72 to 1.81, water temperature ranged 

from 27 to 30.3 0C, dissolved oxygen from 4.3 to 4.9 mg/L, pH from 8 to 8.4, total 

ammonia from 0.14 to 0.23 mg/L, nitrite from 0.4 to 0.45 mg/L, nitrate from 4.5 to 8.6 

mg/L. There were no significant differences in the water quality parameters or in feed 

conversion ratio among treatments during the experiment. Water quality parameters 

remained within the recommended limits for Nile tilapia culture.  

At the end of 6 weeks, there was no significant difference (p > 0.05) between growth 

rates of fish fed the 6 different diets (Fig. 4).  
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                       Fig 4.- Average Weight of fish in each treatment over six weeks. 
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Discussion 

The physiological effects of dietary saponins on fish has been controversial; some 

authors reporting positive and others negative influences. They depress blood parameters 

such as hematocrit and hemoglobin levels and red cell count in several species of fish 

(Roy et al., 1990; Homechaudhuri and Banerjee, 1991; Homechaudhuri et al., 1991). 

Bureau et al.(1998), observed reduced feed intake and growth in chinook salmon and 

rainbow trout fed diets containing soybean saponin extracts or Quillaja bark saponins, 

both at a level of 0.3% in the diet. 

Common carp (Cyprinus carpio L.) and Nile tilapia Oreochromis niloticus fed diets 

containing QS (150 and 300 mg kg−1 diet) had significantly higher rate of body mass 

gain (Francis et al., 2001a, 2001b,) . The average final body mass of carp fed QS was 

about 18% higher and that of tilapia more than 20% higher than that of fish that had 

similar average weights at the start of the respective experiments but which did not 

receive QS. 

Saponins derived from different plants are said to have several negative effects when 

they are present in certain animal diets, such as depression of food intake, reduction in 

weight gain (Cheeke, 1996), infertility (Tewary et al., 1973), and inhibition of active 

uptake of nutrients (Johnson et al., 1986). Dietary saponins have been reported to alter 

levels of hormones that regulate reproductive activity (Düker et al., 1991). In our 

experiment, we did not observe any abnormal change in the behavior of the fish. They 

were eating the food provided completely and the feed conversion rate (1.75) was 

acceptable for Nile tilapia culture. 
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At the beginning of the experiment we did not expect any effect from dietary saponin 

on reproductive activity and we did not take any record of spawning activity. Moreover 

there were a few females with eggs and fry in Treatments 1, 2, 3, 4, and 5; which 

indicates that saponins did not seem to have any effect in the reproductive activity.   

Our results indicate that supplementation with Quillaja saponin at levels we tested did 

not cause a significant increase in tilapia growth from an initial weight of about 10 grams. 

Further studies are required to obtain more information regarding the mechanisms by 

which dietary QS have brought about the growth effects in tilapia. Finally, the QS used in 

the current experiment could also have different active compounds other than saponins. 

Efforts are being made to procure purified compounds in sufficient quantities for future 

trials. 
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APPENDIX B. 

EFFECT OF DIETS SUPLEMENTED WITH Yucca schidigera and Quillaja 
saponaria EXTRACTS ON THE GROWTH AND DEVELOPMENT OF NILE 

TILAPIA Oreochromis niloticus JUVENILES, CULTURED IN CAGES 
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Abstract 
 
 

Yucca Yucca schidigera and Soapbark Quillaja saponaria,  both desert plants, are the 

two major commercial sources of saponin extracts, which have beneficial effects on 

performance and health of various livestock species. We studied the effect of the 

supplementation of both extracts in the diet of tilapia were studied to determine the 

growth rate with various levels of supplementation. Fourteen cages (1.20 and 0.60 m3) 

were stocked with 25 Nile tilapia, each weighing 102.7 ± 5.2 g. The cages were divided 

into 7 treatments with 2 replicates each. Fish were fed with seven diets supplemented 

with different levels of inclusion of Nutrafito Plus (NTF+) which is a mixture of Yucca 

and Soapbark extract. The control diet (T1) contained 0 ppm of the extract. Experimental 

diets were: T2 = 200 ppm = 0.200 g/kg, T3 = 400 ppm= 0.400 g/kg, T4 = 800 ppm = 

0.800 g/kg, T5 = 1,800 ppm = 1.8 g/kg, T6 = 2,700 ppm = 2.7 g/kg, and T7 = 5,400 ppm 

= 5.4 g/kg. Fish were fed 4% of their body weight per day. The objective of this 

experiment was to evaluate the effects of several inclusion levels of saponin products on 

the growth of Nile tilapia Oreochromis niloticus juveniles cultured in cages. Water 

quality parameters were determined every 10 days and remained within the 

recommended limits for Nile Tilapia. At the end of 40 days there was no significant 

difference (P > 0.05) between growth rates of fish fed 7 different diets.  
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Introduction 

Yucca Yucca schidigera and Soapbark Quillaja saponaria, both desert plants, are the 

two major commercial sources of saponin extracts. Y. schidigera is native to the 

southwestern United States and to the arid Mexican desert, and Q. saponaria is found in 

arid areas of Chile. Saponins have detergent or surfactant properties with both water-

soluble and fat-soluble components (Cheeke, 1996). The beneficial effects of 

supplementing extracts from these two plants on performance and health of various 

livestock species are well documented (Mader and Brumm 1987; Anthony et al. 1994; 

Cline et al. 1996). 

These plants rich in saponins, have long been used for food applications and have 

also been designated as safe for human consumption being a Generally  Recognized As 

Safe (GRAS) substance by the Federal Drug Administration of the USA (Price et al. 

1987). Yucca and Quillaja saponins have both current and potential applications in 

animal and human nutrition. They are extensively used for ammonia and odor control in 

pig and poultry-raising facilities and in dog and cat foods. Saponin extracts have 

ammonia-binding activity (Cheeke, 1996).  

Saponins are known to inhibit mould growth and protect plants from insect attack 

(Hostettmann and Marston, 1995). When present in the diet in moderate to high 

quantities, they may have several negative effects on animals (Cheeke, 1996). Bureau et 

al. (1998) observed that Quillaja saponins damaged the intestinal mucosa in rainbow 

trout Oncorhynchus mykiss and Chinook salmon Oncorhynchus tshawytscha at dietary 

levels above 1.5 g/kg = 150 ppm. The condition of the intestines of these fish was similar 
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to that of fish fed a raw soybean-meal diet indicating the role of saponins in causing the 

damage. However, the antinutritional status of saponins has been different between high 

and low leves and some saponins have been postulated to have positive effects in animals 

(Liener 1994). For example, a dietary level of 150 mg kg-1 of Quillaja saponins had a 

positive effect on growth of common carp Cyprinus carpio  (Francis et al., 2002). Our 

objective was to evaluate the effects of several inclusion levels of saponin products on the 

growth of Nile tilapia O. niloticus juveniles cultured in cages. 

 

Material and Methods 

 Nutrafito plus (NTF+), which is a mixture of Yucca and Soapbark extracts, was 

supplied by Desert King International Company. A commercial tilapia diet 35% of 

protein and 1/8” pellets (Star Milling Co. P.O. Box 1987 Perris, CA. 95572), was ground 

to a powder. The powdered feed was divided into seven equal portions. One portion was 

designated the control (T1) and contained 0 ppm of NTF+. Experimental diets were: T2 = 

200 ppm = 0.200 g/kg, T3 = 400 ppm= 0.400 g/kg, T4 = 800 ppm = 0.800 g/kg, T5 = 

1,800 ppm = 1.8 g/kg, T6 = 2,700 ppm = 2.7 g/kg, and T7 = 5,400 ppm = 5.4 g/kg of 

NTF+ (Table 1). The saponin extract was diluted with distilled water in a magnetic 

agitator. The solution was added to each of the seven portions and mixed for 20 min in a 

feed mixer. Each of the seven portions were repelleted on a compression pellet mill 

(California Pellet Mill Company, 114 East Wabash Avenue, Crawfordville, IN 47933, 

USA) with equal amount of water (15 %) per volume (Fig 1). The pellets were dried in an 

oven overnight and stored at 4 C.   
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 Treatment Product name Saponin content, % Product added, ppm   Saponin, ppm 
      T 1       NTF+       0       0    0 
      T 2       NTF+       3     200    6 
      T 3       NTF+       3     400   12 
      T 4       NTF+              3     800   24 
      T 5       NTF+              3           1800          54 
      T 6       NTF+              3           2700          81 
      T 7       NTF+              3           5400         162 
Table 1.  Distribution of inclusion levels of saponins. NTF+ = Nutrafito plus. 

         

Fig 1. Equipment used in mixture and pellets manufacture. 

The experiment was conducted at Maricopa Agricultural Center (MAC), University 

of Arizona. Fourteen cages were used, seven of them of 1.20 m3 and the others seven of 

0.60 m3 (Fig 2). 

 
Fig 2. Irrigation reservoir and cages used during the experiment. 
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The cages were stocked with 25 fish each; all of them were sorted to select only 

males (Fig 3), which grow more rapidly than females. The average fish size was 102.7 ± 

5.2 g each and the cages were distributed randomly into an irrigation reservoir (20 x 50 

m2). Two replicates were assigned to each of the seven diets. 

             

           Fig 3. Clasification of tilapia males 

Fish were fed twice daily with 1.5% of the body weight in the morning and 1.5% of 

the body weight in the afternoon. Feed was supplied slowly to assure fish ate it 

completely.  Fish were weighed and measured at 20 and 40 days (Fig 4) and adjustments 

were made to keep the feeding rate at 3% per day depending on incremental growth and 

survival. 

   

Fig 4. Measurement of tilapia (weight and Length) 
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Water quality parameters such as temperature, pH, dissolved oxygen, ammonia, 

nitrite and nitrate were measured to be sure that water quality remained in good condition 

within recommended limits for Nile tilapia culture (Stickney, 1979). The temperature and 

dissolved oxygen were measured daily using a (YSI model 54) oxygen meter; pH was 

monitored daily with a (Milwaukee model PH 53) pH meter. Ammonia, nitrite and nitrate 

were monitored once every 10 days with a (Hach model DR/890) colorimeter. Statistical 

analyses were analyzed by one way analysis of variance (ANOVA) with Tukey’s 

multiple comparison test using the Systat 9 suite of statistical programs (Systat Software, 

Inc., 501 Canal Boulevard, Suite C, Richmond, CA 94804). 

 

Results and Discussion 

At the beginning of the experiment a feeding rate of 4 % of the biomass daily was 

used, but it was reduced to 3% at the second week of the experiment once the fish were 

unable to eat the total amount of feed because of the low temperature. 

At the end of the experiment all fish were weighed individually to obtain the average 

growth per treatment and no significant differences were found between treatments (Fig. 

5). Average values of feed conversion ratio (FCR) ranged from 2.45 to 2.54. This result is 

above the prefered range. Intensive projects have shown feed conversion ratios from 1.8 

to 2.2 depending on the culture conditions, culture management and the availability of 

improved genetic strains for specific environmental conditions (Negrete, 1991). In our 

experiment there was not significant difference for FCR. 
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Fig 5. Average Weight of Fish per treatment over 40 days. 

 

Tilapia kept in partially closed systems and fed with artificial diets have previously 

been reported to have lowered feed intake, lowered feed conversion efficiency, and 

decreased growth after a certain period of time (Jackson et al., 1982). This might be due 

to the fact that tilapia need a continuous supply of natural food or because of a build-up 

of growth inhibiting factors in the system. In this experiment the irrigation reservoir had 

its water supply from pumped well water, that created a constant flow, that did not permit 

any measurable primary production during the trial period. 

Addition of Y. schidigera to formulated Nile tilapia diets has been shown to reduce 

ammonia accumulation and increase fish growth (Gaber 2006). El-Sadidy and Gaber, 

(2004) reported that adding yucca to Nile tilapia diets, especially in intensive culture 

systems, at 750 mg/kg = 750 ppm diet could reduce ammonia and nitrite in the water and 

act as a growth stimulant and improved feed utilization. In this study, ammonia and 

nitrite were not a problem once they remained in the normal range for tilapia culture. 
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The geographic range for culturing tilapia in ponds is dependent upon temperature. 

The preferred temperature range for optimum tilapia growth is 27.7° to 30° C. Growth 

diminishes significantly at temperatures below 20° C and death will occur below 10° C. 

At temperatures below 12° C, tilapia lose their resistance to disease and are subject to 

infections by bacteria, fungi and parasites (Rakocy and McGinty, 1989). In our 

experiment, the temperature ranged from 17° to 21° C, as a result, feed consumption 

could have been affected by the low temperature. Therefore, the feed conversion rate was 

above the recommended for Nile tilapia culture. Even though the temperature was low, 

Tilapia did not present any infections during the experiment  

Parameters such as total ammonia ranged from 0.10 to 0.21 mg/L, nitrite from 0.34 

to 0.43 mg/L, nitrate from 5.2 to 9.5 mg/L, dissolved oxygen from 5.5 to 6.3mg/L, and 

pH from 8 to 8.10. The water quality parameters were not significantly different between 

treatments. Water quality parameters were determined every ten days with a (Hach model 

DR/890) colorimeter and remained within the recommended limits for Nile Tilapia 

culture. At the end of the experiment there were no significant difference (F6, 349 = 0.439, 

P = 0.852) among growth rates of fish fed the 7 different diets.  

The low temperature of the water could have been the probable reason why there 

was not significant difference between treatments. Abiotic and biotic factors in the 

culture such as temperature, natural food, turbidity, chemical concentrations, and others, 

should be maintained in a good condition for tilapia culture, in order to ensure the 

development of the experiment. 
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APPENDIX C: 

GROWTH AND DEVELOPMENT OF PACIFIC WHITE SHRIMP Litopenaeus 
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WITH  Yucca schidigera AND Quillaja saponaria EXTRACTS 
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Abstract 
 
 

In a semi-intensive system, supplementary feed can represent more than 50% of the 

cost of production. There is interest in including additives of natural origin in aquaculture 

feed such as yucca and quillaja extracts. The inclusion of yucca extract in the diet of 

white shrimp Litopenaeus vannamei has had positive effect on water quality in shrimp 

production. We studied the effects of supplementation of Nutrafito Plus (NTF+), which is 

a mixture of yucca (Yucca schidigera) and quillaja (Quillaja saponaria) extracts, in the 

diets of white shrimp Litopenaeus vannamei to determine the growth rate with various 

levels of supplementation. Twenty tanks (140 liter each) were stocked with 10 shrimp, 

with an average body weight 1.17 ± 0.18 g. The tanks were divided into 5 treatments with 

4 replicates each. Shrimp were fed with diets supplemented with different levels of 

NTF+. The control diet contained 0.0 g/kg of feed of NTF+. Experimental diets 

contained: T1 = 0.250 g/kg = 250 ppm, T2 = 0.500 g/kg = 500 ppm, T3 = 1.0 g/kg = 

1000 ppm, T4 = 2.0 g/kg = 2000 ppm. Shrimp were fed ad libitum daily. Water quality 

parameters were determined every 5 days and remained within the recommended limits 

for  Pacific white shrimp culture. The objective of this experiment was to determine the 

effects of several inclusion levels of saponin products on the growth of Pacific white 

shrimp juveniles. At the end of the experiment (20 days), there were significant 

differences (p<0.05) between growth of shrimp fed the 5 diets, with higher growth at 

higher levels of inclusion.  
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Introduction  

The shrimp culture industry has had annual growth of 11% world wide in the last 30 

years (FAO, 2008). This production required 2.0 million metric tons (MMT) of artificial 

feed in 2002 and an expected  demand of 2.5 MMT for 2010 (Tacon, 2002). 

 Feed represents more than 50% of the total costs in penaeid shrimp culture (Akiyama 

et al., 1992). It is of high priority in contemporary aquaculture production to increase 

feed efficiency, especially by improving the metabolic assimilation of dietary nutrients 

(Francis et al, 2005). A better comprehension of the use of feed by shrimp is essential in 

order to optimize levels of nutrients and reduce the environmental pollution that 

originates from metabolite excretion and from artificial feed not consumed (Focken et al., 

1998). 

Use of synthetic substances like hormones and antibiotics has been common to increase 

production, although many of these substances are being prohibited in developed countries. 

Consequently, studies of natural substances that increase production have started (Francis et 

al., 2005).  

When these natural substances are fed in moderate to high concentrations there are 

negative effects in the organisms that consume them. These effects can include fall in 

food consumption, reduction of weight gain, bloat of the rumen, and inhibition of 

digestibility and assimilation of nutrients in the intestine (Johnson et al., 1986; Cheeke, 

1996; Bureau et al., 1998). However, beneficial effects, such as binding to ammonium 

and reduce ammonia release to the atmosphere (Cheeke, 1996; Makkar et al., 1999), have 

been associated with low consumption of saponins. 
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Saponins also reduce the number of protozoa in the rumen and results in 

improvement in the efficiency of the production of microbial proteins, reduction  of the 

level of cholesterol, and stimulation of the immune system when they are given  together 

with the vaccines (Newbold et al., 1997; Makkar et al., 1998). 

On the other hand, it is very important to consider that diverse sources of vegetable 

meals (Francis et al., 2001) are used for aquafeeds production for the culture of aquatic 

organisms. We explored the effect of low dietary quantities of a commercially available 

quillaja and yucca saponin mixture on growth and development of white shrimp 

Litopenaeus vannamei juveniles. 

 
Material and Methods 
 

Our experiment was conducted in a recirculating system inside a greenhouse at the 

Environmental Research Laboratory, University of Arizona, Tucson, Arizona. We 

evaluated diets prepared using a commercial shrimp diet with 40 % protein (Rangen Inc., 

115 13th  Avenue South, Buhl, Idaho, 83316, USA). The feed was ground to a powder. 

The powdered feed was divided into five equal portions in order to prepare five diets 

supplemented with different levels of Nutrafito plus (NTF+), which is a mixture of Yucca 

Yucca schidigera and Soapbark Quillaja saponaria extracts, supplied by Desert King 

International Company from California USA. One portion was designated the control and 

it contained 0.0 g/kg of diet of NTF+. Experimental diets were: T1= 0.250 g/kg = 250 

ppm, T2= 0.500 g/kg = 500 pmm, T3= 1.0 g/kg = 1,000 ppm,  T4= 2.0 g/kg = 2,000 ppm, 

(Table 1). The saponin extract was diluted with distilled water in a magnetic agitator. 

Also, 7 g of grenatine for each kg of diet was added as agglutinant. The solution was 
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added to each of the five portions and mixed in a feed mixer and finally the diets were 

repelleted on a compression pellet mill with an equal amount of water (15 %) (Fig 1). 

The pellets were dried in an oven overnight and stored at 4 degrees C. A leaching test 

was done to calculate the stability of pellets. Three samples (five grams) of each diet 

were placed on trays in water. After 2 hours, the pellets were removed, dried and 

weighed, and the stability was calculated from food retained in the mesh of the tray. 

 

Treatment Product name 
Saponin 

content, % 
Product 

added, g/Kg 
Saponin, 

ppm in feed 
   Control       NTF+              0   0  0 
      T 1       NTF+       3   0.250  7.5 
      T 2       NTF+       3   0.500  15 
      T 3       NTF+ 3   1.0  30 
      T 4 NTF+ 3          2.0         60 
Table 1.  Distribution of inclusion levels of saponins. NTF+ = Nutrafito plus. 
 
 

     
Fig 1. Equipment used in mixture and pellets manufacture. 
 
 

Twenty fiberglass tanks (200 liters each). Thanks were filled with 140 L of water 

with 5 parts per thousand (ppt) of salt (Fig 2) and were stocked with 10 L. vannamei from 

Hawaii captive stock with an average body weight of 1.17 ± 0.18 g and an average body 

length of 5.65 ± 0.12 cm and an estimated age of 4 weeks. Low-salinity water was 

prepared with commercially available artificial sea salts (Crystal Sea Marine Mix ®  
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Marine Enterprises International Inc., 8800 A. Kelso Drive, Baltimore, MD 21221-3125 

USA). Four replicates were assigned to each of the five diets. The shrimp were fed ad 

libitum for 2 hours daily during 20 days using feeder trays. At the end of two hours the 

excess of food was removed daily and stored at -20 oC for subsequent weighing to 

calculate the feed conversion ratio. At the end of the experiment all the shrimp from each 

tank were weighed individually with a scale (Scout Pro, model: SB42) and a precision to 

0.01 g, and measured with a metric rule using the length from rostrum to telson (Fig 3). 

Survival was determined directly from the final number of harvested organisms per 

treatment.  

 

Fig 2. Experimental Tanks used during the experiment. 

 

       

       Fig 3.- Feeder tray and measurement of shrimp (weight and length). 



 63

Even though, during the experiment, the environmental conditions were the same, 

water quality parameters including temperature, pH, dissolved oxygen, ammonia, nitrite, 

and nitrate were measured to be sure that water quality remained within limits 

recommended for shrimp culture. Temperature and dissolved oxygen were measured 

daily using a (YSI model 54) oxygen meter; pH was monitored daily with a (Milwaukee 

model PH 53) pH meter. Ammonia, nitrite, and nitrate were monitored once every week 

with a (Hach model DR/890) colorimeter.  

Final weight and length of shrimp were analyzed by one way analysis of variance 

(ANOVA) with Tukey’s multiple range test, using the analytical software STATISTIX 8 

version 2.0 (2003), Inc. Tallahassee FL 32317 USA. The significance of observed 

differences was tested at P < 0.05. 

 

Results  

The feed pellet size was approximately 6 mm in length and 3 mm in diameter, with a 

uniform texture, color, and hardness, which allow rapid sinking. The percentages of 

leaching and stability are reported as the loss of dry matter and ranged from 14.06 to 

15.58 %. There were no significant differences (p> 0.05) for leaching and stability 

between diets(Table 2). 

Diet Leach % Stability % 

Control 14.52 ± 0.03 85.48 ± 0.03 

T1 14.06 ± 0.05     85.94 ± 0.05 

T2 15.58 ± 0.06 84.42 ± 0.06 

T3 15.34 ± 0.03 84.66 ± 0.03 

T4 14.28 ± 0.05 85.72 ± 0.05 
Table 2. Percent of leaching and stability of the diets after 2 hours. 



 64

The feed consumption rate at the second day started to decrease to a lower level for 6 

days, but at the tenth day went up again to reach a higher level, which is maintained until 

day sixteen, then decreases a little bit, and started to go up again (Figure 4).  
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     Fig 4. Feed consumption rate over 20 days. 

The feed conversion ratios (FCR) were significantly different (Fig 5 and Table 3). 

The best efficiency was for the diets 3 and 4 containing 1.0 and 2.0 g/Kg of diet of 

Nutrafito+ respectively. Shrimp fed the diet 3 and 4 had the lower FCR 1.08±0.05 and 

1.06±0.03 respectively, compared with the control diet with 1.49±0.02.  
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Fig 5. Feed conversion ratio registered in each treatment over 20 days. 
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The Tukey’s Multiple Range Test shows significant differences between growth rates 

for shrimp fed 5 different diets. The final weight gain and the individual weight gain of 

the shrimp are statistically different for treatments 1, 3 and 4 which are higher than the 

control (P<0.05) and treatment 2 is equal to the control. Treatments 1, 3 and 4 are equal 

statistically and treatment 2 is equal statistically to the control. The weight gain was 

defined as weight at 20 days - initial weight (D’Abramo and Castell, 1997) (Fig 6 and 

Table 3). 

 

Treatmt AFW (g) IWG (g) ILG (cm) Biomass/Tank FCR S urvival% 

Control 2.47±0.14 1.31±0.12 1.63±0.27 24.10±1.33 1.49±0.02 97.50±0.50 

T1 2.78±0.10 1.59±0.10 1.68±0.13 27.82±1.02 1.13±0.04 100±0 

T2 2.68±0.03 1.52±0.10 1.67±0.04 26.85±0.38 1.17±0.03 100±0 

T3 2.84±0.18 1.67±0.12 1.70±0.12 28.42±1.80 1.08±0.05 100±0 

T4 2.93±0.05 1.80±0.03 1.94±0.04 29.35±0.58 1.06±0.03 100±0 
Table 3. Results of variables of production during the experiment (20 Days) 
AFW=Average final weight; IWG=Individual weight gain; ILG=Individ ual length  
gain FCR=Feed conversion ratio. 
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  Fig 6. Individual Average Weight gain over 20 days. 
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The individual length gains of shrimp were not statistically different with regard to 

the control; the length gain was defined as length at 20 days – initial length (D’ Abramo 

and Castell, 1997) (Fig 7) 
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  Fig 7. Individual Average Length gain over 20 days. 

 

At the end of the experiment, shrimp survival ranged from 97.5 to 100 % and no 

significant differences were found between treatments (Table 4). 

Treatmt Survival % SD 
Control 97.5 0..50 

1 100 0.0 
2 100 0.0 
3 100 0.0 
4 100 0.0 

Table 4. Survival % 
 

Water quality parameters were determined every week and remained within the 

recommended limits for P. vannamei culture. Total ammonia ranged from 0.10 to 0.32 

mg/L, nitrite from 0.25 to 0.33 mg/L, nitrate from 4.3 to 16.20 mg/L, temperature from 

26.0-27.80C, dissolved oxygen from 5.4 to 6.2mg/L, and pH from 7.2-7.5. Water quality 
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parameters were not significantly different (p > 0.5) between treatments during the 

experimental period.  

Fluctuation in physical-chemical parameters of water such as temperature, oxygen 

and pH were similar in all the treatments due to the use of a common water recirculation 

system and biological filter for all the treatments (Figures 8, 9, 10, and table 5).  
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Fig 8. Temperature over 20 days 
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Fig 9. Dissolved Oxygen over 20 days 
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Fig 10. pH over 20 days. 
 
 
 

Variable  Range Mean and SD  
Temperature (0C) 26.0-27.8 27.10±0.99 

Oxygen (mg/L) 5.4-6.2 6.01±0.25 
pH 7.2-7.5 7.31±0.19 

Table 5. Values of variables of water quality 

 
Ammonia, nitrite, and nitrate concentrations (Figures 11, 12, 13 , 14, and Table  6). 

were generated mainly by feed leaching and shrimp metabolism during the experiment 

and were within the recommended limits for shrimp culture. 
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Fig 11. Total ammonia over 20 days. 
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Fig 12. Un-Ionized ammonia (NH3) over 20 days 
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Fig 13. Nitrite over 20 day 
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Fig 14. Nitrate over 20 days. 
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Day Ammonia (mg/L) NH3  (mg/L) Nitrite (mg/L) Nitra te (mg/L)  

0 0.10±0.01 0.001±0.0005 0.27±0.02 4.30±0.53 

7 0.24±0.01 0.003±0.0003 0.33±0.00 9.16±0.13 

14 0.32±0.02 0.006±0.0002 0.29±0.02 16.20±1.16 

20 0.31±0.03 0.004±0.0002 0.25±0.02 14.30±0.90 
Table 6. Values of Ammonia and standard deviations over 20 days 

Discussion  
 

Prior studies have reported losses of dry matter of 16.7 to 32 % when different 

additives such as antibiotics, halophytes, and proteins are used in the diet (Cruz-Suarez, 

1993; Holtschmit and Barragan, 1995). In our study, the percent of leaching or loss of dry 

matter in the different diets ranged from 14 to 15 %. These percentages are relatively 

low. These losses of dry matter indicate that the inclusion  of Nutrafito+ did not affect 

their stability. Diets 2 and 3 had the lowest values probably due to any deficiency during 

the feed manufacturing, which can affect the loss of nutrients, water contamination, food 

conversion rate, growth rate, and economic losses (Zendejas-Hernandez, 1994).  

Shrimp are benthic feeders and may be slow to recognize the food source. In this 

sense, the feed requires a minimum of an hour of stability in the water and during this 

period the pellets should maintain their integrity with a minimum of nutrient leaching 

(Akiyama and Chiang, 1989; Subramanyam, 1994). 

During the experiment we observed similar patterns in the feed consumption among 

the four treatments. Feed consumption over time in control trials also did not vary to a 

large degree from the treatments. The levels of feed consumption suggest that the 

inclusion of Nutrafito+ did not affect the palatability of the pellets. 
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Molting represents a fundamental event in shrimp life. Biochemical and 

physiological variations in different tissues such as the hepatopancreas and hemolymph 

(Rosas et al., 1996), affect the feed ingestion rate and growth (Casillas et al., 2002). The 

pattern in the feed consumption we sow might be related to the molting period of shrimp. 

Martinez and Campaña (2003) reported a lower FCR (1.55) for shrimp fed a diet 

with higher levels of yucca (3g/kg of diet) and FCR in the control trials was 2.32. The 

lower FCR value in our experiment (1.06±0.03) for the shrimp fed a diet with higher 

levels of NTF+ (2 g/Kg of diet), compared with the control diet with a FCR of 

(1.49±0.02). This FCR is below the values obtained by Martinez and Campaña reported 

above. The low FCR may be related to the higher feed intake because of the higher levels 

of saponins (Rosas et al., 2001) this seems to be the case of this present experiment.  

The ammonia levels, in our experiment ranged from 0.10±0.01 to 0.31±0.03 and were 

within the recommended limits for shrimp culture. Some commercial shrimp farms report 

values of ammonia between 0.03 and 0.9 mg/L in a normal production cycle (Paez-Osuna 

et al., 2003).  

The diets with NTF+ at high levels (1.0 and 2.0 g/Kg of diet) showed significant 

differences in growth and feed conversion ratio compared to the control diet. It is 

important to mention that when the feed conversion ratio decreases from 1.49 to 1.06, 

feed costs also will be reduced resulting greater profitability. Saponins offers a viable 

natural additive in the preparation of formulated aquaculture feeds, enhancing and 

promoting growth in L vannamei.  
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Abstract 
 
 

The activities for the production of foods at world level have been increased greatly, 

where the aquaculture is the productive activity with more growth in the last years. 

However, the intensification implies the total control of the variables that can affect the 

production, which implies to improve the metabolic efficiency in the use of foods given 

to the organisms. The inclusion of yucca and quillaja extract in the diet of white shrimp 

Litopenaeus vannamei has had positive effects on water quality in shrimp production. We 

studied the effects of supplementation of Nutrafito Plus (NFT+) which is a mixture of 

yucca (Yucca schidigera) and quillaja (Quillaja saponaria) extracts in the diets of white 

shrimp Litopenaeus vannamei were studied to determine the growth rate with various 

levels of supplementation. Fifteen tanks (140 liter each) were stocked with 10 shrimp, 

weighing 2.62  ± 0.49 g. Tanks were divided into 5 treatments with 3 replicates each. 

Shrimp were fed with diets supplemented with different levels of NTF+ extract. The 

control diet contained 0 ppm of the extract. Experimental diets were: T1 = 250 ppm = 

0.250 g/kg, T2 = 500 ppm = 0.500 g/kg, T3 = 1,000 ppm = 1.0 g/kg, T4 = 2,000 ppm = 

2.0 g/kg. Shrimp were fed ad libitum daily. The objective of this experiment was to 

determine the effects of several inclusion levels of saponin products on the growth, 

survival, and digestive enzyme activity of Pacific white shrimp Litopenaeus vannamei 

juveniles. After 40 days, there were significant differences (p<0.05) between growth rates 

of shrimp fed the 5 different diets, with higher growth at higher levels of inclusion. There 

was not significant difference (p > 0.05) in survival and digestive enzymes activities 

across treatments. The water quality parameters were determined every 10 days and 
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remained within the recommended limits for  Pacific white shrimp Litopenaeus vannamei 

culture.  

 

Introduction 

The importance of shrimp reared in aquaculture ponds is principally due to the  

economic profitability. In recent years there have been significant advances in the culture 

of several shrimp species, including Marsupenaeus japonicus (Hetzel et al., 1999) and 

Litopenaeus vannamei (Perez-Rostro and Ibarra, 2003). The profitability of shrimp 

culture is principally due to the improved knowledge about nutrition, reproduction, and 

genetics, and physiology of the cultured organisms (Arenal et al., 2006). 

Food and feeding are two important aspects to be considered in aquaculture 

(Martinez and Campaña, 2003). In a semi-intensive system, supplemental feed can 

represent more than 50% of the costs of production (Usha-Rani et al., 1993; Zendejas-

Hernandez, 1994; Jory, 1995). The use of additives in shrimp diets such as antioxidants, 

pigments, and antibiotics have enhanced shrimp development and food conversion 

efficiency up to 25% (Akiyama, 1993). According to Francis et al. (2005), there is 

interest in including additives of natural origin such as yucca and quillaja extracts in 

aquaculture feed.  

The effects of inclusion of yucca extract in the diet of white shrimp Litopenaeus 

vannamei was evaluated by Martinez and Campaña (2003) with inclusion levels of 0g/kg 

of feed (control diet), 1 g/kg (diet 1), 2 g/kg (diet 2), and 3 g/kg (diet 3), positive results 

in shrimp growth when 2g/Kg of diet of yucca extract was included. Survival was 
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significant for diet 3 (95.7%) compared to the control (62.2%) Also they found positive 

results in water quality of shrimp production. Valle. (2005) evaluated the effects of 

Quillaja saponaria in the diet of L. vannamei and found an increase of 23% in the 

average growth (g) and 26% in shrimp production. 

Yucca (Yucca schidigera) and Soapbark (Quillaja saponaria),  both desert plants, are 

the two major commercial sources of saponin extracts. Y. schidigera is native to the arid 

Mexican desert and to the southwestern United States, and Q. saponaria is found in arid 

areas of Chile. Saponins have detergent or surfactant properties with both water-soluble 

and fat-soluble components (Cheeke, 1996). The beneficial effects of supplementing 

extracts from these two plants on performance and health of various livestock species are 

well documented (Mader and Brumm, 1987; Anthony et al., 1994; Cline et al., 1996). 

These plants, rich in saponins, have been used for food applications. They have been 

designated as safe for human consumption being a Generally  Recognized As Safe 

(GRAS) substance. Also, the Federal Drug Administration (FDA) of the USA approved  

both in the same category (21 CRF 172.510) (Price et al. 1987). Yucca and Quillaja 

saponins have both current and potential applications in animal and human nutrition. 

They are extensively used as dietary additives for ammonia and odor control in pig and 

poultry-raising facilities as well as in dog and cat foods. Saponin extracts have ammonia-

binding activity (Cheeke, 1996). 

Excessive saponins are said to have several negative effects on animals (Cheeke, 

1996). Dietary saponins derived from different plants have been considered as a causative 

factor for depression of feed intake and reduced weight gain in salmonid fish (Bureau et 
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al., 1998). However, the general antinutritional status of saponins has been questioned, 

and some saponins have been postuled to have positive effects in animals (Liener, 1994). 

A dietary level of 150 and 300 mg Kg-1 of Quillaja saponins (QS) fed to common carp 

(Cyprinus carpio L.) and Nile tilapia (Oreochromis niloticus L.) respectively, resulted 

significantly  higher rate of body mass gain. The average final body mass of carp fed QS 

was about 18% higher and that of tilapia was more than 20% higher than that of fish that 

had similar average weights at the start of the respective experiments but which did not 

receive QS (Francis et al., 2002). Martinez and Campaña (2003) evaluated the effect of 

yucca extracts in diets of Litopenaeus vannamei with inclusion levels of 0g/kg of feed 

(control diet), 1 g/kg (diet 1), 2 g/kg (diet 2), y 3 g/kg (diet 3). Positive results where 

found in shrimp growth when 2g/Kg of diet of yucca extract was included, the highest 

shrimp growth was significantly higher (13.5 g,) than those fed the control diet (11.6 g,). 

Survival was significantly higher for the group fed diet 3 (95.7%) than for the control 

group (62.2%). The objective of this experiment was to evaluate the effects of several 

inclusion levels of saponin products on the growth, survival and digestive enzymes 

activities of Pacific white shrimp Litopenaeus vannamei. 

 

Material and Methods 

Nutrafito plus (NTF+)TM, which is a mixture of Yucca and Soapbark extracts, was 

supplied by Desert King International Company. A commercial shrimp diet 40% protein 

(Rangen Inc., 115 13th  Avenue South, Buhl, Idaho, 83316, USA) was ground to a 

powder. The powdered feed was divided into five equal portions. One portion was 
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designated the control and contained 0 ppm of NTF+. Experimental diets were: T1= 250 

ppm = 0.250 g/kg, T2= 500 ppm = 0.500 g/kg, T3= 1000 ppm = 1.0 g/kg, T4= 2000 ppm 

= 2.0 g/kg of NTF+, (Table 1). The saponin extract was diluted with distilled water in a 

magnetic agitator. Also 7 g, of grenatine for each kg of diet was added as agglutinant. 

The solution was added to each of the five portions and mixed for 20 min in a feed mixer 

and finally the diets were repelleted on a compression pellet mill (California Pellet Mill 

Company, 114 East Wabash Avenue, Crawfordville, IN 47933, USA) with equal amount 

of water (15 %) (Fig 1). The pellets were dried in an oven overnight and stored at 4 C. A 

leaching test was done to calculate stability of the diets. Five grams of each diet was 

placed in trays in the water. After 2 hours, the pellets were removed, dried and weighed, 

and the stability was calculated from food retained in the mesh of the tray  

 
 

 Treatment Product name Saponin 
content, % 

Product 
added, ppm 

Saponin, 
ppm in feed 

   Control       NTF+       0       0    0 
      T 1       NTF+       3     250   7.5 
      T 2       NTF+       3     500   15 
      T 3       NTF+               3    1000   30 
      T 4 NTF+ 3 2000 60 
Table 1.  Distribution of inclusion levels of saponins. NTF+ = Nutrafito plus. 
 
 

                                            
 
Fig 1. Equipment used in mixture and pellets manufacture. 
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The experiment was conducted in a recirculating system inside a greenhouse at the 

Environmental Research Laboratory, University of Arizona, Tucson, Arizona. Fifteen 

fiberglass tanks (140 liters each) (Fig 2) were stocked with 10 L. vannamei stock 

obtained from a private company (Shrimp Improvement Systems, LLC, 88005 Overseas 

Highway 10-166, Islamorada, FL 33036 USA) with an average weight of 2.6±0.5 g and 

an average body length of 7.3±0.3 cm and an estimated age of 7 weeks. We used water 

with salinity of 5 parts per thousand (ppt). The low-salinity water was prepared with 

commercially available artificial sea salts (Crystal Sea Marine Mix ® from  Marine 

Enterprises International Inc., 8800 A. Kelso Drive, Baltimore, MD 21221-3125 USA). 

Three replicates were assigned to each of the five diets. The shrimp were fed ad  libitum 

for 2 hours daily during 40 days using feeder trays. At the end of two hours feeding 

periods the excess of food was removed and stored at -20 oC for subsequent analysis to 

calculate the feed conversion ratio. At the end of the experiment, shrimp were weighed 

individually with a scale (Scout Pro, model: SB42) and a precision to 0.01 g and 

measured individually with a metric rule using the length from rostrum to telson, (Fig 3) 

to determine the weight and length gain per treatment. Survival was determined as the 

final number of harvested organisms per treatment. Three shrimp of each treatment, one 

per replicate, were sacrificed to get the hepatopancreas, which was immersed in liquid 

nitrogen in order to preserve the enzymatic content. Then all the hepatopancreas were 

lyophilized and stored at ≈ 50 C for subsequent determination of several digestive 

enzymes activities by in vitro analysis.  
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 Fig 2. Fiberglass Tanks used in the experiment 

 

                  
Fig 3. Feeder tray and measurement of shrimp (weight and length) 

 

 For the biochemical analysis, pools of three hepatopancreas per replicate were 

homogenized in cold 50 mM Tris-HCl buffer, pH 7.5 (35 mg ml-1). Supernatants obtained 

after centrifugation (16,000 g for 15 min at 5 °C) were stored at –20 °C being further 

utilized for enzyme analysis. Concentration of soluble protein in pooled samples was 

determined by Bradford (1976) using bovine serum albumin (1 mg ml-1) as a standard. 

 Specific activity of extracts was determined with the following equations: 1) Units per 

ml = (∆abs x reaction final volume (ml)) / (MEC x time (min) x extract volume (ml)), 

and 2) Units per mg of protein = Units per ml / mg of soluble protein. ∆abs represent the 
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increase of absorbance at determined length weight and MEC represent the extinction 

molar coefficient for product of the reaction (ml µg-1 cm-1). The results of this study 

were represented according to the equation 2. All assays were carried out in triplicate. 

 Alkaline proteinase activity of the extracts was measured with the casein method of 

Kunitz (1947) as modified by Walter (1984), using casein substrate (0.5%) in 50 mM 

Tris/HCl buffer, pH 9.0. The mixtures were incubated at 37°C, and the reaction was 

stopped by adding 0.5 ml of 20% of Trichloroacetic Acid (TCA). The absorbance of the 

soluble TCA peptides was measured at 280 nm. One unit of enzyme activity was defined 

as 1 µg of tyrosine released per min, using the molar extinction coefficient of 0.005.  

 Leucine aminopeptidase was determined at 25 °C according to Maraux (1973) using 

sodium phosphate buffer 50 mM, pH 7.2, leucine p-nitroanilide (0.1 mM in DMSO) as 

substrate. For these enzymes, the reactions were stopped by adding acetic acid 30%. One 

unit of enzyme activity was defined as 1 µg of nitroanilide released per min, using a 

molar extinction coefficient of 8.2.  

 Determination of α-amylase activity was carried out following the Somoyi-Nelson 

procedure described by Robyt and Whelan (1968). One unit of activity was defined as the 

amount of enzyme able to produce 1 µg of maltose per minute. Lipase activity was 

quantified using β-naphtyl caprylate according to Versaw et al. (1989). One unit of 

activity was defined as 1 µg of naphtol released per minute.  

 Alkaline phosphatase were assayed with 4-nitrophenyl phosphate in acid citrate buffer 

(pH 5.5) or glycine-NaOH buffer (pH 10.1) according to Bergmeyer (1974). One unit 
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was defined as 1 µg of nitrophenyl released per minute. All assays were performed in 

triplicate at 37°C.  

Water quality parameters such as temperature, pH, dissolved oxygen, ammonia, 

nitrite, and nitrate were measured to be sure that water quality remained within limits 

recommended for shrimp culture. The temperature and dissolved oxygen were measured 

daily with a (YSI model 54) oxygen meter; pH was monitored daily with a (Milwaukee 

model PH 53) pH meter. Ammonia, nitrite and nitrate were monitored once every 10 days 

with a (Hach model DR/890) colorimeter. 

 Data of final weight and length of shrimp were analyzed by one-way Analysis of 

Variance (ANOVA) followed by Tukey’s multiple range test, with the analytical software 

STATISTIX 8 version 2.0 (2003), Inc. Tallahassee FL 32317 USA. The significance of 

observed differences was tested at P < 0.05. Digestive enzymes activities between 

treatments were analyzed with Kruskal-Wallis test. All tests were analyzed with the 

software STATISTICA v7.0 (StatSoft, Inc., Tulsa, OK, 214 USA) using a significance 

level of 0.05. 

 

Results   

At the end of the experiment, the one way analyses (ANOVA) shows significant 

differences (F4, 14 = 9.42, P = 0.0020) between growth rates of shrimp fed the 5 different 

diets. The weight gain and the individual gain of the shrimp are statistically different for 

treatments 3 and 4 which are higher than the control and treatments 1 and 2 (P<0.05). 

Treatments 3 and 4 are equal statistically and treatments 1 and 2 are equal statistically to 
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the control. The weight gain was defined as weight at 40 days - initial weight (D’ 

Abramo and Castell, 1997) (Table 2 and Fig 4). 

 

Treatment AFW (g) IWG (g) ILG (cm)  Biomass/Tank FCR Survival%  
Control 11.64±0.81 8.97±0.97 4.30±0.13 112.23±2.87 1.53±0.06 96.60±0.58 

T1 12.04±1.14 9.48±1.21 4.84±0.46 116.01±6.15 1.31±0.07 96.60±0.58 
T2 11.78±0.50 9.18±0.53 4.82±0.21 114.03±11.4 1.31±0.05 96.60±0.58 
T3 13.63±0.18 11.02±0.33 4.99±0.13 136.31±1.83 1.10±0.07 100±0.00 
T4 13.46±0.34 10.78±0.29 4.82±0.09 134.62±3.41 1.22±0.04 100±0.00 

Table 2. Results of variables of production during the experiment (40 Days) 
AFW=Average final weight; IWG=Individual weight gain; ILG=Individ ual length  
gain FCR=Feed conversion ratio. 
 
 
 

 
 
 
 
 
 

   
 
 
 
 
 Fig 4.- Individual Average Weight over 40 days 
 
 

The length gain and the individual length of shrimp were not statistically different 

compared to the control (F4, 14 = 1.68, P = 0.2301). The length gain was defined as 

Length at 40 days – initial length and was measured from rostrum to telson (D’ Abramo 

and Castell, 1997) (Table 2 and Fig 5). 
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 Fig 5.- Individual Average Length over 40 days 
 

The feed conversion ratios (FCR) were significantly different (Table 2 and Fig. 6). 

Shrimp fed the diet with 1000 and 2000 ppm had the lower FCR 1.10±0.07 and 

1.22±0.04 respectively, compared with the control diet with 1.53±0.06. The best 

efficiency was for diets 3 and 4 containing 1.0 and 2.0 g/Kg of diet of Nutrafito+ 

respectively. 
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Fig 6. feed conversion ratio registered in each treatment over 40 days 

 
 
The stability of the elaborated diets is represented in (Table 3 and fig 7), reporting 

percents of leaching and stability. The pellets showed a uniform texture and color with a 
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size of 6 mm length and 3 mm of diameter and there was not significant difference 

between diets. 

 

Diet Leach % Stability % 

Control 14.52 ± 0.03 85.48 ± 0.03 

T1 14.06 ± 0.05     85.94 ± 0.05 

T2 15.58 ± 0.06 84.42 ± 0.06 

T3 15.34 ± 0.03 84.66 ± 0.03 

T4 14.28 ± 0.05 85.72 ± 0.05 
Table 3. Percent of leaching and stability of the diets. 
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Fig 7. Stability % of diets. 
 
 

Figure 8 illustrates an incresead trend in the feed ingestion rate registered during the 

experiment, where the feed consumption in grams was maintained for approximately a 

week in each increasing time. The results in the constant increment on feed consumption 

each week suggest that the inclusion of NTF+ did not affect the palatability of the pellets.  
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   Fig 8. Feed consumption per treatments  over 40 days. 
 
 

Shrimp survival results at the end of the experiment where from 96.67 to 100 % 

without any significant difference between treatments (Table 4 and Fig 9) which is in the 

interval reported in other studies with byproducts of shrimp and soybean (Cruz-Suarez, 

1993; Akiyama, 1993). 

 

Treatmt Survival % SD 
Control 96.67 0.58 

1 96.67 0.58 
2 96.67 0.58 
3 100 0.00 
4 100 0.00 

Table 4. Survival % 
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Fig 9. Percent of survival over 40 days 

 

Parameters such as total ammonia ranged from 0.12 to 0.34 mg/L, nitrite from 0.25 

to 0.33 mg/L, nitrate from 5.13 to 19.23 mg/L, Temperature from 24.3-27.50C, dissolved 

oxygen from 5.7 to 6.3mg/L, and pH from 7.1-7.4. The water quality parameters were not 

significantly different between treatments during the experimental period. The water 

quality parameters were determined every ten days and remained within the 

recommended limits for P. vannamei culture. 

The fluctuation of physical-chemical parameters of water such as temperature, 

oxygen and pH are shown in the Figures 10, 11, 12, and table 5.  The variation of these 

variables was similar in all the treatments due to the use of a common water recirculation 

system and  biological filter for all the treatments. 
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Fig 10. Temperature over 40 days. 
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Fig 11. Oxygen over 40 days 
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Fig 12. pH over 40 days 
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Variable  Range Mean and SD  
Temperature (0C) 24.3-27.5 26.6±0.9 

Oxygen (mg/L 5.7-6.3 6.0±0.2 
pH 7.1-7.4 7.3±0.1 

Table 5. Values of variables of water quality 

 

The ammonia, nitrite, and nitrate concentration are shown in Figures 13, 14, 15, 16, 

and Table 6. These concentrations were generated mainly by the feed leaching and 

shrimp metabolism during the experiment.  
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Fig 13. Total ammonia over 40 days 
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Fig 14. Un-ionized ammonia (NH3) over 40 days. 
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 Fig 15. Nitrite over 40 days 
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 Fig 16. Nitrate over 40 days 
 

Day Ammonia (mg/L)  NH3 (mg/L)  Nitrite (mg/L)  Nitrate (mg/L)  
0 0.12±0.02 0.002±0.0004 0.29±0.02 5.13±0.95 

10 0.26±0.01 0.004±0.0002 0.33±0.00 10.16±0.85 
20 0.34±0.01 0.005±0.0002 0.28±0.02 15.43±0.51 
30 0.32±0.05 0.005±0.0009 0.25±0.01 19.23±1.06 
40 0.25±0.01 0.004±0.0002 0.32±0.01 15.13±0.95 

Table 6. Values of Ammonia and standard deviations over 40 days 

 

The digestive enzymes analysis from the hepatopancreas  did not show significant 

differences (P > 0.05) between treatments (Fig 18-22); however, some tendencies were 

observed where shrimp fed with the diet that content 500 ppm of Nutrafito plus showed 

the highest total alkaline proteases, lipase and amylase activities, while the activity of 
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exopeptidases (leucine aminopeptidase), and alkaline phosphatase showed the highest 

values for shrimp feed with the diet that had 250 ppm of Nutrafito plus (Table 7). 

 

Table 7. Digestive enzyme activities (mean ± standard error) in the shrimp 
experiment using different nutrafito plus (NTF+) inclusion levels (ppm). 

Enzyme 
activities Control ( 0 ) Treatmt 1  

(250 ppm) 
Treatmt 2    
(500 ppm) 

Treatmt 3  
 (1000 ppm)  

Treatmt 4  
(2000 ppm) 

Alkaline 
protease (U/mg 
protein) 

166.9 ± 8.7 144.5 ± 6.0 188.7 ± 50.0 162.9 ± 62.8 142.9 ± 25.6 

Lipas e (U/mg 
protein) 265.0 ± 84.6 310.9 ± 70.9 383.0 ± 141.8 191.8 ± 33.1 297.0 ± 79.6 

Amy lase (U/mg 
protein) 60.2 ± 17.2 70.5 ± 18.3 84.1 ± 29.7 44.7 ± 7.7 67.3 ± 16.0 

Alkaline 
phosphatase 
(U/mg protein) 

0.31 ± 0.022 0.55 ± 0.06 0.34 ± 0.08 0.39 ± 0.08 0.36 ± 0.11 

Leucine 
aminopeptidase  
(U/mg protein) 

0.20 ± 0.045 0.29 ± 0.21 0.28 ± 0.15 0.15 ± 0.02 0.16 ± 0.04 

No significant differences were detected 
 
 

 
Discussion 
 

According to the results obtained, the final weight gain was improved in the shrimp 

fed the diets with higher inclusion levels of NTF+ with significant differences in the diets 

3  and 4 containing 1000 and 2000 ppm of NTF+ respectively compared to the control 

diet. 

In the present experiment the difference in weight was 21.4 and 20 % between the 

shrimp fed the diet 3 and 4 respectively compared to the control diet. Valle, (2005) 

evaluated the effects of Quillaja saponaria in the Litopenaues vannamei diet finding an 

increase of 23% in the average growth (g) and 26% in shrimp production. Results very 

similar to our experiment. 
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The effects of inclusion of yucca extract in the diet of white shrimp Litopenaeus 

vannamei was evaluated by Martinez and Campaña (2003) with inclusion levels of 0g/kg 

of feed (control diet), 1 g/kg (diet 1), 2 g/kg (diet 2), y 3 g/kg (diet 3). Positive results in 

shrimp growth when 2g/Kg of diet of yucca extract was included, the highest final shrimp 

growth was significant (13.5 g,) Compared to the control diet (11.6 g,). In the present 

study the individual weight gain for the diet 3 and 4 with (1000 and 2000 ppm) were 

13.63 and 13.46 g. respectively compared to the control diet with 11.64 g. The results 

obtained in our experiment are very similar to those found by Martinez and Campaña. 

The feed conversion ratios (FCR) were significantly different among treatments. 

Shrimp fed the diet with 1000 and 2000 ppm had the lower FCR 1.10±0.07 and 

1.22±0.04 respectively, compared with the control diet with 1.53±0.06. Martinez and 

Campaña (2003), reported results where the lower FCR (1.55) was for the shrimp fed the 

diet with higher inclusion level of yucca (3/kg of diet) and the control registered 2.32. 

These values are higher than the values in our experiment. The reduction of FCR may be 

related to the higher feed intake through the protein synthesis because of the higher levels 

of saponins (Rosas et al., 2001). This seems to be the case of this present experiment. The 

best efficiency with regards to generated biomass was for the diets containing 1000 and 

2000 ppm per Kg of feed of Nutrafito+. 

The percent of leaching or loss of dry matter in the different evaluated diets ranged 

from 14.06 to 15.58 %. These percentages are in lower levels than those that have been 

reported in several studies (Cruz-Suarez, 1993; Holtschmit and Barragan, 1995) that 

report losses of dry matter of 16.7 to 32% when different additives are used in the diet 
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such as antibiotics, halophytes, and proteins. The values of loss of dry matter of evaluated 

diets, indicate that the inclusion levels of Nutrafito+ did not affect their stability. The 

stability of the diets 2 and 3 present the lowest values due probably to any deficiency 

during the feed manufacturing, which can affect the loss of nutrients, water 

contamination, food conversion rate, growth rate, and economic losses (Zendejas-

Hernandez, 1994). 

According to Akiyama and Chiang (1989), and Subramanyam (1994), the feed 

requires a minimum of an hour of stability into the water and during this period the 

pellets should maintain their integrity with a minimum of nutrient leaching as shrimp are 

benthic feeders and slow to recognize the food source. 

The molt represents a fundamental event in shrimp life. Biochemical and 

physiological variations in different tissues such as hepatopancreas and hemolymph 

(Rosas et al., 1996), affect the feed ingestion rate and growth (Casillas et al., 2002).  

During the experiment we observed a similar pattern in the feed consumption in all the 

evaluated diets. The feed consumption over time in the control also did not vary to a large 

degree from the treatments. The levels of feed consumption suggest that the palatability 

of the pellets was not affected by the inclusion of Nutrafito+ in the diet. 

The ammonia levels, in this experiment ranged from 0.12±0.021 to 0.25±0.01 and 

were within the recommended limits for shrimp culture, due to the good performance of 

the biological filter. Some commercial shrimp farms report values of ammonia between 

0.03 and 0.9 mg/L in a normal production cycle (Paez-Osuna et al., 2003). 
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The digestive enzymes analysis from the hepatopancreas  did not show significant 

differences (P > 0.05) between treatments; however, some tendencies were observed 

where shrimp fed with the diet that content 500 ppm of Nutrafito plus showed the highest 

total alkaline proteases, lipase and amylase activities, while the activity of exopeptidases 

(leucine aminopeptidase), and alkaline phosphatase showed the highest values for shrimp 

feed with the diet that had 250 ppm of Nutrafito plus. 

Lee et al. (1984) reported that L. vannamei shows a change in its dietary regime 

when it reaches a weight between 10 to 20 g. The authors based their conclusion on the 

observed differences in the response of the protease enzymes to the protein quality. They 

also concluded that these differences may indicate that small shrimp (4 g) have a better 

ability to utilize the protein than bigger shrimp (10 and 20 g). In another study with L. 

vannamei ranging in body sizes from 1 to 14 g Hunter et al. (1987) observed an increase 

in the C:N ratio of the ingested material and their conclusion was that this observation 

may imply a selection for diets with less protein in the latter life stages. 

More research in this area is necessary in order to assess the activity of this and other 

digestive enzymes in shrimp with higher body weights than those evaluated in the present 

study. The estimation of trends in digestive enzymes activities and the evaluation of food 

preferences may contribute to improve feeding schemes and diet formulations for shrimp 

in specific grow-out stages. 

The inclusion of NTF+ at high levels (1000 and 2000 ppm) shown significant 

differences on growth and feed conversion ratio compared to the control diet. Also the 

water quality analysis resulted on ammonia levels, temperature, oxygen, and pH within 
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the optimum range recommended for shrimp culture. Once the NTF+ was able to reduce 

the FCR from 1.49 to 1.06 the feed costs also will be reduced with a higher profitability. 

We recommend the use of Nutrafito plus (NTF+) in aquaculture diets as a new basic 

ingredient to prepare formulated feeds in order to enhance and promote growth in Pacific 

white shrimp Litopenaeus  vannamei.  
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