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Abstract. The article is devoted to the current world problem of vegetable 
protein deficiency, the solution of which can be white lupine. Particular 
attention is paid to assessing the bioavailability of nutrients from white 
lupine (Lupinus albus) in the body of non-human primates M. Mulatta. 
Because primates are phylogenetically closer to humans than other 
laboratory animals, which is very convenient for modeling and studying the 
digestibility of nutrients in diets. The purpose of the article is to study the 
digestibility of nutrients in lupine in the structure of complete feed and its 
effect on the biochemical parameters of the blood. As a result of the research, 
it was found that the inclusion of white lupine in the structure of the diet 
allows to improve the bioavailability of nutrients of complete feed, when 
included in the structure of the diet of white lupine in an amount of 10%, it 
made it possible to improve the digestibility of crude protein in relation to 
the control group by 5.5%, crude fat by 0.99%, crude fiber by 1.84%, BEV 
by 7.99%, crude ash by 4.67%, calcium (Ca) and phosphorus (P) by 6.99%, 
and 1.02 %. With the inclusion of 20% white lupine in the structure of the 
diet, it made it possible to improve the digestibility of crude protein in 
relation to the control group by 9.28%, crude fat by 6.5%, crude fiber by 
5.98%, BEV by 2, 78%, crude ash by 11.28%, and absorption of calcium 
(Ca) and phosphorus (P) by 9.93% and 8.68%. At the same time, the results 
of hematological analyzes generally indicate the safety of consuming white 
lupine for 35 days. 

1 Introduction 
The content of nutrients in diets determined by chemical analysis can be misleading in terms 
of their nutritional value. In addition to the amount, it is important whether the nutrient is in 
a form that can be used in metabolism; that is, whether the nutrient is bioavailable [12; 25; 
30]. Many factors affect the bioavailability of nutrients. There are many examples of how the 
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composition of lupin (Lupinus albus) nutrients and their bioavailability are affected by 
processing and storage [1; 6; 12]. In addition to the qualitative characteristics of lupin, 
different animal species show differences in the bioavailability of certain substances 
contained in lupin. Age, gender, physiological state and other factors affect the ability to 
absorb a certain nutrient [17;27]. The bioavailability of carbohydrates, proteins, fats, vitamins 
and minerals can be increased or decreased, since all nutrients are reactive and are usually 
present in various amounts in diets. Questions often arise whether it is necessary to have an 
accurate quantitative assessment of the bioavailability of nutrients, or whether an assessment 
of the relative bioavailability by the biochemical composition of lupin nutrients will be 
sufficient. The answer is unambiguous, an accurate quantitative measure of the 
bioavailability of lupin nutrients is required to calculate the satisfaction of the needs of the 
human and animal body in macro-micronutrients. In this case, it is important to have 
sufficiently reliable quantitative data to balance the nutrients necessary for daily consumption 
and to compensate for their endogenous losses [11; 23; 25]. 

Various animal models are used to determine the digestibility of nutrients by the in vivo 
method. Laboratory tests with the participation of animals are an essential stage of procedures 
performed to assess the effectiveness of the bioavailability of nutrients in diets and food 
additives. As a rule, rodents (mice, rats, guinea pigs) or agricultural animals (pigs, birds, etc.) 
act as laboratory test subjects [15; 23]. The main problem that should be considered initially 
when using animal models to assess the bioavailability of nutrients is that how accurately 
these different model systems reflect the bioavailability of nutrients in the human body. For 
example, conventional experimental animal models, such as rats and mice, cannot be used to 
assess the bioavailability of beta-carotene, because the mechanism of absorption in rodents 
for this nutrient is very different from the mechanism in humans [25; 27;30]. Unlike rodents, 
non-human primates, a suitable experimental model, at least simulate the intestinal 
absorption of carotenoid and other nutrients. That is why in recent years, non-human primates 
are among the most used laboratory animals. Because phylogenetically primates are closer 
to humans than other laboratory animals, and therefore they are very convenient for modeling 
and studying the digestibility of nutrients in diets [5;13;16].  

The greatest relevance of using non-human primates such as M. mulatta as experimental 
models is acquired when studying the bioconversion of white lupine [25; 30]. Since in our 
country today, lupin is used as a fodder and break crop. There is a certain problem with the 
introduction of this crop into food products due to the weak knowledge of lupin metabolism 
in the human body. Therefore, lupin is not present in the list of food products both in SanPiN 
2.3.2.1078-03 and in the adopted technical regulations [10]. 

In this regard, the purpose of the study was to study the bioavailability of nutrients of 
white lupine (Lupinus albus) in complete feeds of non-human primates of the species 
(Macaca mulatta) and the effect on blood biochemical parameters. 

2 Materials and methods 
In the experiments, 12 male rhesus macaques (M. mulatta, nursery of the FSBRI "Research 
Institute of MP") aged from 7 to 15 years were used. Primates of 4 heads by the method of 
pairs of analogues were divided into three groups, a control group and two experimental ones, 
considering gender and age. The groups differed in the feeding diet [14; 7]. The animals were 
kept in individual cages. The experiment period was 35 days.  

Animal experiments were performed in accordance with the requirements of the 
guidelines for the maintenance of laboratory animals [298], the Helsinki Declaration (2000) 
and the EU Directive 2010/63/EU. The study was approved by the Bioethical Commission 
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of the FSBSI "SRI MP". 
The feeding of rhesus macaques (M. mulatta) was carried out with comlete feeds with a 

nutritional value calculated according to feeding standards. The calculated concentrations of 
nutrients were based on our own and foreign studies on non-human primates [4; 14]. Carrying 
out balance experiments allowed to determine the digestibility of nutrients, the accessibility 
of feed. During the research, the following indicators were considered: – zootechnical – 
safety, live weight in total for the experience, feed costs; – physiological and biochemical - 
chemical composition of feed, fecal nitrogen, exchange energy [2; 8].  

The scheme of the experiment is presented in Table 1.  

Table 1. Experiment scheme. 

 Amount of 
individuals 

 

 
Feeding conditions 

Groups 
1 

Control 
4 Complete feed (CF) 

2 
Experimental 

 
4 

CF - content of white lupine is 10%.  

3 
Experimental 

 
4 

CF - content of white lupine is 20%.   

Note: CF is a complete feed 

The control group received a complete balanced feed.  
Primates of the 2-experimental group, with complete feed, consumed native white lupin 

(Lupinus albus) in the amount of 10%.  
In primates of the 3-experimental group, native white lupin (Lupinus albus) was present 

in the structure of complete feed in the amount of 20%. 
The bioavailability of nutrients, growth rate and hematological parameters of male rhesus 

macaques were studied in a physiological experiment, which was divided into two periods. 
At the first stage, the animals were prepared for the conditions of cage maintenance for 5 

days. Cage batteries were placed evenly along the entire length of the vivarium. 
Technological passages were left between the cage batteries and in the ends of the vivarium. 
The room was disinfected. After disinfection before setting M. mulatta, the room was 
sanitized. In the experimental complete feeds, part of the vegetable and animal feed was 
replaced with native Lupinus albus. The feeding schedule of primates in the experimental 
period was the same as in the control group. At the second stage, a thorough accounting of 
the consumed feed and excrement was carried out for 5 days. Feces were collected daily at 
the same time (morning and evening), weighed and pounded with a pestle. At each collection, 
50% of the homogenized mass was taken for analysis. The collected portions were stored in 
the refrigerator. After the end of the accounting period, the initial moisture was determined 
in the collected feces samples by drying at 60-70 °C to constant mass. The obtained data were 
used to calculate the total cost of feed and protein in total for the experiment.  

The inorganic part of the biochemical composition of the complete feed and feces was 
determined using an X-ray fluorescence wave dispersion spectrometer "Spectroscan max 
GVM". Method of measuring the mass fraction of Mg, Al, Si, Zn, P, S, Cl, K, Ca, Ba, Ti, Cr, 
Mn, Fe, Ni, Br, Rb, Sr in powder samples of plant materials - by X-ray fluorescence method 
using X-ray devices for spectral analysis SPECTROSCAN MAX (M-049-RM/12, Russia) 
FR.1.31.2014.17343. The methodology is certified in the FSUE "VNIIM n.a. D.I. 
Mendeleev". The remaining indicators were determined using the FOSS NIRS DS2500F 
spectral feed analyzer (USA). 

The state of health and changes in the homeostasis of the primate organism as a result of 
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the inclusion of white lupin in the diets were monitored by the results of biochemical blood 
serum tests. The material for the study was venous blood and blood serum. Blood samples 
(2.5-3.0 ml) were taken from the ulnar or femoral vein on an empty stomach before the use 
of chlorella and 35 days after the end of the experiment. Whole blood was stabilized with a 
heparin solution. Blood serum was obtained from venous blood without anticoagulants in a 
centrifuge glass tube, which was maintained at a temperature of 15-20 °C until a clot forms. 
Decanting and centrifugation was performed with a thin glass rod (10 minutes at 1000-1500 
g). The biochemical analysis (the content of total protein, glucose, total bilirubin, calcium, 
phosphorus) was performed with blood serum without hemolysis for 2-3 hours after receiving 
it using commercial kits from High Technology Inc (USA) on a semi-automatic BioChem 
SA analyzer (USA) in accordance with the manufacturer's instructions. 

The obtained results were processed statistically in the GraphPad Prizm 8.0 program 
(USA) and expressed in the form of arithmetic averages and their standard errors. The 
statistical significance of the differences was determined using a one-factor variance analysis 
with subsequent a posteriori corrections for multiple comparisons using the Tukey and Sidak 
method. The accepted level of statistical significance is p<0.05 [9]. 

3 Results of the study and their discussion 

The first control group received a complete balanced feed for 35 days, in which 34.10% was 
wheat. The share of soybean cake, sunflower, corn and corn gluten in the structure of 
complete feed accounted for 10.00% each. The sources of animal feed were fish flour in the 
amount of 6.00%, egg powder - 2.00% and dry milk 4.00%. The diet of the control group 
was balanced in terms of energy by the introduction of sunflower oil, the an amount of 0.3% 
and sugar - 6%. The lack of calcium and phosphorus macronutrients is balanced by the 
introduction of tricalcium phosphate in the amount of 3% and a premix - 3.6%.  

The feeding ration of the 2nd experimental group for a set of feeds was identical with the 
control one. Nevertheless, the studied legume crop white lupin in the amount of 10% was 
added to the structure of the diet of this group. As a result, high-protein feed of vegetable 
origin, soybean meal and sunflower meal, were replaced with lupin by 50%. The diet 
structure for the remaining feeds and additives was identical to the control group. 

In the 3rd experimental group, high-protein feeds, both of vegetable and animal origin, 
were replaced with white lupin.  As a result, white lupin was 20% in the structure, which 
replaced vegetable feed, soybean cake by 50%, sunflower cake by 50%, corn by 50% and 
wheat by 0.3%. Animal feed: fish meal and milk powder - by 50%. Since as a result of the 
lupin inclusion, the level of metabolic energy of the diet began to correspond to the norm, 
the content of vegetable oil in the diet decreased by 1.2%.  For the rest of the component 
composition, the experimental diet corresponded to the control one. 

The daily accounting of the feed eaten by animals and the analysis of their chemical 
composition made it possible to determine the amount of nutrients consumed per day. The 
accounting of the feces and its chemical composition allowed to determine the amount of 
digested nutrients and establish the digestibility coefficients. 

The analysis of the data in Table 2 indicates that the best results in the digestibility of 
normalized organic substances were observed in primates of the experimental groups. Thus, 
the digestibility of raw protein in the 2-experimental group, where white lupine was used as 
the test feed, the protein digestibility coefficient, in relation to the control group, was higher 
by 5.5%. In the 3-experimental group, where a part of high-protein feeds, both of animal and 
vegetable origin, was replaced with white lupin in the structure of the feeding diet, protein 
was absorbed 9.28% more efficiently. 
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Table 2. Digestibility of feed nutrients%, (X±Sx) 

Indicators 
Group 

1-control 2-experiment 3-experiment 

 Protein 49.34±0.26 54.84±0.53** 58.62±0.17** 

 Fat  39.10±0.28 40.09±0.03 45.60±0.08* 

 Fiber 19.18±0.31 21.02±0.18* 25.16±0.28* 

 NFES***  70.12±1.12 78.11±2.03 72.90±2.03 

 Ash 39.23±0.30 43.90±0.29* 50.51±0.37** 

 Calcium (Ca) 40.17±1.94 47.16±1.58* 50.10±1.96 
 Phosphorus (P)   49.19±0.03 50.21±0.37 57.87±0.66* 
Note: The data was obtained by averaging 4 measurements for each animal and the average value for 
the group (n=4).  
* - p <0.05, * - p <0.01, ** compared with the control group. The data is given in the form of an 
average value and a standard error.  
NFES***– nitrogen-free extractive substances 

The digestibility of raw fat was the highest in the 3-experimental group, compared to the 
control group by 6.5%. In the primates of the 2-experimental group, the coefficient of 
digestibility was higher by 0.99% in relation to the control. 

There was a positive dynamic in the digestibility of crude fiber in experimental groups 2 
and 3 by 1.84% and 5.98%.   

NFES was better absorbed by primates of the 2-experimental group by 7.99%. In the 
primates of the 3-experimental group, the coefficient of digestibility was higher by 2.78% 
than in the control group. 

Good indicators for the assimilation of raw ash were noted in the experimental groups.  
As indicated by the data in Table 2, the digestibility coefficients were higher than in the 
control group, by 4.67 and 11.28%.  

The use of calcium (Ca) and phosphorus (P) macronutrients was higher in the 
experimental groups. In the primates of the 2-experimental group, the digestibility coefficient 
of calcium (Ca) was higher by 6.99%, and phosphorus (P) – by 1.02 %. In the 3-experimental 
group, calcium was absorbed more efficiently by 9.93%, and phosphorus – by 8.68 %. 

Thus, the use of white lupine in the structures of complete feeds for M. mulatta, as a 
substitute for high-protein feeds of plant and animal origin, had a positive effect on the 
digestibility of nutrients. 

It is of scientific interest to study the biochemical parameters of blood, the effect on the 
physiological state of primates whose diet included white lupin. To assess the effect of the 
lupin introduction into the diet on the metabolism, we determined some biochemical 
parameters of blood serum (Table 3). 

Table 3. Blood biochemical parameters, Х±Sх. 

 
Indicators 

Reference 
values a* 

At the beginning of the experiment At the end of the experiment 
1-control 2-

experiment 
3-

experiment 
1-control 2-

experiment 
3-

experiment 
Glucose 
(mmol/l) 

1.83-6.66 6.02±0.10 3.40±0.76** 7.40±0.01** 5.72±0.08 5.30±0.17* 6.40±0.03* 

Bilirubin 
(umol/l) 

1.71-11.97 7.57±1.60 8.35±1.59 8.57±2.46 5.325±1.14 5.441±3.02 3.357±0.40 

Protein, (g/l) 39–78 81.58±3.49 80.73±4.31 72.57±9.30 96.51±6.71 74.73±3.30 98.59±3.04 
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Ca, (mmol/l) 1.75-2.45 2.35±0.29 4.11±0.61 3.79±0.13** 2.329±0.06 2.523±0.10 2.543±0.11* 

P, (mmol/l) 1.06-2.13 1.75±0.76 1.53±0.04 1.46±0.30 0.4623±0.07 0.69±0.06 0.89±0.23* 

* - p <0.05, * - p <0.01, ** compared with the control group. The data is given in the form of an 
average value and a standard error.  
a* - reference data are given according to [24].  

At the beginning of the experiment, in the control and 2-experimental groups, the glucose 
level was within the physiological norm (Table 3), but in the 3-experimental group, there was 
an increase in the glucose content by 12% with statistical significance (p <0.01). At the end 
of the experiment, in the 3-experimental group, after the introduction of white lupin into the 
structure of the diet, the glucose level was in the reference values of the physiological norm 
with statistical significance (p <0.05). In the 2-experimental group, both at the beginning and 
at the end of the experiment, the glucose level was within the reference values.  

At the beginning of the experiment, the level of bilirubin, a bile pigment, was within the 
reference values. At the end of the experiment, the average value of the bilirubin level in the 
experimental groups did not change relative to the control group, but the differences did not 
reach statistical significance (p>0.05). 

The level of blood protein in the animals was higher than the reference values in all groups 
both at the beginning and at the end of the experiment. At the end of the experiment, the third 
experimental group showed a higher content of serum protein by 2% compared to the control 
group, p>0.05. The increased level of serum protein at the beginning of the experiment was 
probably transient and was not associated with the action of white lupin in the diet of 
primates. 

The level of calcium and phosphorus in the blood of animals of all three groups, at the 
beginning of the experiment, was within the reference values. In the final stage of the 
experiment, these indicators in the experimental groups changed in relation to the control 
group.  The level of calcium (Ca) in the blood serum of primates of the 2-experimental group 
was 8% higher, in the 3-experimental group - by 9% with statistical significance (p <0.05). 
The level of phosphorus (P) in the 2-experimental group was higher by 50%, in the 3-
experimental group - by 93% with statistical significance (p <0.05) (Table 4), the data 
obtained are consistent with higher coefficients of phosphorus assimilation in 2nd and 3rd 
groups (Table 2). 

Our results on the biological availability of nutrients, consistent with the literature on the 
improvement of digestibility of nutrients with the introduction of Lupinus albus in the diet of 
store pigs [18; 22; 26; 28] and the previously received data to increase the digestibility of 
crude protein, crude fiber and digestibility of calcium (CA) and phosphorus (P) [3; 4; 5; 19; 
20; 21].  

4 Conclusion 
Thus, the use of white lupine in the structures of complete feed for M. mulatta, as an 
alternative source of a high-protein component in the diets of non-human primates, had a 
positive effect on the bioavailability of nutrients in the diet as a whole. At the same time, the 
results of hematological tests of M. mulatta indicate the safety of consumption of white lupine 
for 35 days. The use of white lupin in diets allows to replace some of the animal proteins 
with Lupinus albus protein and balance the diet with nutrients and biologically active 
substances. At the same time, it allows to significantly increase the level of metabolism. 
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beginning of the experiment, was within the reference values. In the final stage of the 
experiment, these indicators in the experimental groups changed in relation to the control 
group.  The level of calcium (Ca) in the blood serum of primates of the 2-experimental group 
was 8% higher, in the 3-experimental group - by 9% with statistical significance (p <0.05). 
The level of phosphorus (P) in the 2-experimental group was higher by 50%, in the 3-
experimental group - by 93% with statistical significance (p <0.05) (Table 4), the data 
obtained are consistent with higher coefficients of phosphorus assimilation in 2nd and 3rd 
groups (Table 2). 

Our results on the biological availability of nutrients, consistent with the literature on the 
improvement of digestibility of nutrients with the introduction of Lupinus albus in the diet of 
store pigs [18; 22; 26; 28] and the previously received data to increase the digestibility of 
crude protein, crude fiber and digestibility of calcium (CA) and phosphorus (P) [3; 4; 5; 19; 
20; 21].  

4 Conclusion 
Thus, the use of white lupine in the structures of complete feed for M. mulatta, as an 
alternative source of a high-protein component in the diets of non-human primates, had a 
positive effect on the bioavailability of nutrients in the diet as a whole. At the same time, the 
results of hematological tests of M. mulatta indicate the safety of consumption of white lupine 
for 35 days. The use of white lupin in diets allows to replace some of the animal proteins 
with Lupinus albus protein and balance the diet with nutrients and biologically active 
substances. At the same time, it allows to significantly increase the level of metabolism. 
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