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This study aimed to compare the nutritional value of different microalgae species and
to evaluate their inclusion effects in the diet of Saanen goat kids on in vitro rumen
fermentation parameters and dry matter degradability. A gas production experiment
was conducted in a 3x4 factorial arrangement using three microalgae species
(Spirulina platensis, Chlorella vulgaris, and Scenedesmus obliquus) at four inclusion
levels (0, 1, 2, and 3%), resulting in 12 treatments with 15 replicates. Gas production
was measured from 2 to 120 h, and pH, ammonia nitrogen (NHs-N), dry matter
degradability (DMD), and methane were determined at 8, 12, and 24 h of incubation.
The results showed that Spirulina and Chlorella had the highest crude protein content,
while Spirulina exhibited the greatest carotenoid content and antioxidant capacity
(P<0.05). In contrast, Scenedesmus had the highest ether extract and chlorophyll b
(P<0.05). A significant interaction between microalgae species and inclusion level was
observed for gas production parameters (P< 0.05), with increasing inclusion levels
enhancing gas production. Dry matter degradability at 24 h was significantly affected
(P<0.05), with Spirulina showing the highest and Chlorella the lowest values; however,
DMD decreased with increasing inclusion levels. Ammonia nitrogen concentration at
24 h decreased with increasing microalgae levels (P<0.05), which suggests a potential
improvement in nitrogen utilization efficiency. The partitioning factor was also affected,
whereas methane production was not significantly influenced (P>0.05). Overall, rumen
fermentation responses were dependent on microalgae species and inclusion level,
suggesting their potential as targeted feed additives.
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Extended Abstract

Introduction

In response to the global reduction in antibiotic use in animal feed, there is growing interest among animal nutritionists in
functional feed additives aimed at enhancing animal and human health. The application of bioactive compounds in the diets
of livestock, poultry, and aquaculture species is steadily increasing. These additives can promote the development of high-
quality, environmentally sustainable feeds in agricultural systems. Algae, as a diverse group of aquatic photosynthetic
organisms, are broadly categorized into macroalgae (seaweeds) and microalgae, which include both unicellular and
filamentous species. In Iran, various species of microalgae have been identified, among which Chlorella, Spirulina, and
Scenedesmus are of particular significance. These microalgae possess considerable potential in enhancing the nutrition of
livestock, poultry, and aquaculture species due to their rich content of nutrients such as high-quality proteins, essential fatty
acids, vitamins, minerals, and antioxidants. Given that each species exhibits distinct nutritional and functional characteristics,
precise identification and comprehensive analysis of their chemical composition are essential for their effective incorporation
into animal diets. Moreover, the diverse climatic conditions across Iran provide a favorable basis for the cultivation and
industrial utilization of these microalgae, which can contribute to improving animal health, performance, and productivity.
The aim of this study was to compare the nutritional value of different microalgae species and to evaluate the effects of their
inclusion in the diet on ruminal fermentation parameters and in vitro degradability.

Method

After obtaining Chlorella, Spirulina, and Scenedesmus microalgae, their nutritional value was determined using standard
methods. The gas production test was conducted in two separate runs with 12 treatments, including: Treatment 1: basal diet
+ 0% Spirulina, Treatment 2: basal diet + 0% Chlorella, Treatment 3: basal diet + 0% Scenedesmus, Treatment 4. basal diet
+ 1% Spirulina, Treatment 5: basal diet + 1% Chlorella, Treatment 6: basal diet + 1% Scenedesmus, Treatment 7. basal diet
+ 2% Spirulina, Treatment 8: basal diet + 2% Chlorella, Treatment 9: basal diet + 2% Scenedesmus, Treatment 10: basal diet
+ 3% Spirulina, Treatment 11: basal diet + 3% Chlorella, and Treatment 12: basal diet + 3% Scenedesmus. The experiment
was conducted in a 4 x 3 factorial design. Rumen fluid was collected from two Holstein cows and mixed with artificial saliva
at a ratio of 1 part rumen fluid to 2 parts saliva. Gas production was recorded with five replicates per treatment at incubation
times of 2,4, 6, 8, 12, 24, 36, 48, 72, 96, and 120 hours. Additionally, for the measurement of pH, ammonia nitrogen (NH3-N),
dry matter degradability (DMD), and methane production, three replicates per treatment were removed from the water bath
at 8, 12, and 24 hours. Ammonia nitrogen concentration (mg/dL) was determined using the phenol-hypochlorite reagent. For
dry matter determination, samples were dried in an oven at 70°C for 24 hours, and dry matter disappearance was calculated
based on the weight difference before and after drying. To measure methane production, 4 mL of 10 M sodium hydroxide was
injected into the septum of the vials. Differences among treatment means were analyzed using Tukey-Kramer s test at a 5%
significance level.

Results

The results showed that there was a significant difference between different microalgae in terms of crude protein percentage,
fiber composition and ash (P<0.05). The results showed significant differences among microalgae species in chemical
composition and bioactive compounds (P<0.05). Spirulina and Chlorella had the highest crude protein content, indicating
their superior nutritional value as protein sources. In addition, Spirulina exhibited the highest carotenoid content and
antioxidant capacity, highlighting its stronger functional and antioxidative properties. In contrast, Scenedesmus showed the
highest ether extract and chlorophyll b content, reflecting higher lipid fraction and differences in pigment composition
compared with the other species. A significant interaction between the type and level of microalgae on gas production, gas
production potential at To.s and time to reach half the gas production potential was observed (P<0.05); so that increasing the
level of microalgae increased gas production. The degradability of total dry matter at level 1% was higher than that of 3%
microalgae (P<0.05). Also, increasing the level of microalgae caused a decrease in the concentration of ammonia nitrogen
(P<0.05) and a decreasing trend in methane production.

Conclusions

Overall, microalgae can be considered as potential feed supplements with favorable nutritional value in ruminant diets;
however, their varying chemical composition may influence rumen fermentation processes.
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Supplied 500000 IU vitamin A, 100000 1U vitamin D3, 2000 IU vitamin E, 150 g Ca, 3500 mg Fe, 4500 mg Zn, 3500 mg Mn, 1000 mg Cu,
40 mg |1, 40 mg/kg Co and 25 mg Se.
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Table 2. Comparison of the chemical composition and bioactive compounds of different microalgae species (percentage of dry matter)
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Figure 1. Comparison of gas production from the basal diet supplemented with different levels (0, 1, 2, and 3%) and sources of microalgae
(Spirulina, Chlorella and Scenedesmus) under in vitro conditions (mL per g of dry matter).
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Table 3. Main and interactive effects of different microalgae sources and inclusion levels on rumen gas production parameters under in vitro conditions (mL/500 mg DM)

I (342 3) gl : Sl 3
SIS (e o X Sl (Sxe o e
P-value (%) Level P-value Microalgae b
;& PH . . P t
Thawx digs chw 3 2 1 0 . 95 VoLl Y5 Ly pnr/ arameter
Species x Level Level pecies Scenedesmus Chlorella Spirulina
<0.0001 <0.0001 213.730% 2111258 195712  191.721° <0.0001 193.998° 211.675% 203.544° v
0.393 <0.0001 0.036° 0.035° 0.039° 0.057% 0.508 0.042 0.041 0.043 K"
<0.0001 <0.0001 106.865% 105.562° 97.856° 95.860" <0.0001 96.999° 105.8372 101.771° Graf”
0.0009 <0.0001 20.666* 20.883% 18.532° 15.474¢ 0.0021 19.080° 19.4252 18.162° Thar"
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Mean with different alphabets are statistically different (P<0.05)
Gas from the fermentable substrate fraction (mL)

Rate of gas production over time

Gas production potential at Ty.5

Time to reach half of the maximum gas production potential (h)
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Figure 2. Effect of microalgae type and inclusion level on ruminal gas production kinetics parameters: gas production potential at half-time (G,.s) and time to reach half of the maximum gas production potential
(to.s). Bars with different letters within each panel differ significantly (P<0.05).
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Figure 3. Interactive effect of microalgae species and inclusion level (species x level) on rumen fluid pH at 8 h of in vitro fermentation
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Table 4. Comparison of pH, ammonia nitrogen, dry matter degradability, methane production, and apparent partitioning factor at 8, 12, and 24 h of in vitro rumen fermentation for different microalgae sources and
inclusion levels
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