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ABSTRACT: The present study was
carried out to investigate the effect of
using varying levels of quinoa hay as
a replacer of 25, 50 and 75 % of
dietary alfalfa hay as a source of
fiber in growing New Zealand White
rabbits (NZW) rations on their
productive performance. Sixty-four
growing NZW rabbits of 5 weeks ” age
with average initial live body weight
of 623.69+7.73 g were randomly
divided into four similar groups,
sixteen growing rabbits in each
group.

Insignificant (P>0.05) differences in
feed consumption between different
experimental groups were observed
during all experimental periods (5-9
weeks of age, 9-15 weeks of age and
the entire of the experimental period
5-15 weeks of age). Replacement of
alfalfa hay with 25%, 50% and 75%
quinoa hay reduced the values of all
nutrient digestibility coefficients. The
group of rabbits that received 25%,
50% and 75% quinoa hay showed
significantly lower values of TDN
and DCP compared to control group

(0%). The group fed diet contain 25%
quinoa hay gave insignificant
improvement  (P>0.05) of feed
conversion ratio compared with those
fed control group, 50% and 75%
quinoa hay at 9-15 weeks and entire
experimental period (5-15 weeks). An
insignificant increase (P>0.05) was
observed in the values of total
protein, albumin and globulin in
rabbits group received 25% quinoa
hay compared to the control group.
Insignificantly ~ (P>0.05)  higher
values of blood urea were observed
for the groups received quinoa hay
compared to control group. Also,
there was no significant difference
between control group and groups
that received quinoa hay for GOT
and GPT values. The level of
triglycerides insignificantly
decreased (P> 0.05) after adding
quinoa hay to the ration.
Insignificantly (P>0.05) decrease in
plasma cholesterol concentration was
observed by consuming quinoa hay
compared to control group. Using the
level of 25% from quinoa hay did not
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affect creatinine level compared to
control group. While, a significant
increase (P<0.05) was observed in
the values of creatinine in the rabbit's

successfully used quinoa hay with
25% as a source of fiber to replace
alfalfa hay in the rabbit ration
without any negative effect on rabbit

groups received 50% and 75% performance.

compared to that received 25% Keywords: Quinoa hay, Rabbits,
quinoa hay and control group. nutritive value, performance,
Conclusively, based on the results digestibility, blood parameters.

obtained in this study, it can be

INTRODUCTION

In Egypt, affected regions with dry and salt suffer from a shortage of
fodder crops production because of many environmental factors, such as soils
salinity, groundwater and water scarcity. The quinoa is tolerant of cold, salinity
and drought and can be cultivated in highlands in the mountain areas (Jacobsen et
al., 2003; Bhargava et al., 2007). There is great technological and commercial
interest in this crop, not only for purpose of human nutrition but also because of
the release of by-products which are of great importance to the pharmaceutical
industry and also considered good nutritional alternatives to animal nutrition
(Blanco Callisaya, 2015; Efe, 2017 and Peiretti, 2019). Quinoa is used as fodder
for ruminants, in regions where other species cannot grow because of the
prevalent soil and climate conditions (e.g. in the nearness of the salt swamp
regions (Capelo Baez, 1979).

Quinoa can grow in a wide range of soil pH, including acidic soil, and can
withstand poor and coarse environments. This crop is ideally grown at high
altitudes, where maize cannot be grown, and ripens within 4 to 7 months,
depending on diversity or ecology (Carmen, 1984). Rosero et al. (2010) indicated
that a low percentage of Colombian farmers (20%) use quinoa in animal feed.
Researchers in Denmark demonstrated that when using quinoa as silage this
could be a good forage crop for dairy farms with yields that have high protein
content (Darwinkel and Stolen, 1998 and Peiretti et al., 2013). Marino et al.
(2018) investigate the effect of diet supplementation with quinoa seed and/or
linseed. They found that there were no significant differences in the average daily
gain, slaughter weight, carcass weight and dressing percentage among all
experimental groups. Mosquera et al. (2009) stated that the control group
provided the best yield and the quinoa diets gave the lowest yields (gain of
broiler), but the mortality rate was higher in the control group (10.94%) and
lowest in the quinoa group (1.56%). In the study of quinoa at six morphological
stages, Peiretti et al. (2013) reported that the in vivo dry matter digestibility was
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0.92g/g dry matter in early vegetative and 0.85g/g dry matter in late vegetative.
Bhargava et al. (2006), Vilcacundo and Hernandez (2017) and Peiretti (2019)
stated that the quinoa whole plant has been also used as a rich nutritional source
to feed livestock, including cattle, pigs, and poultry. Also, residues of harvest are
used to feed cattle, sheep, horses, pigs, and poultry (FAO, 1994). Barros-
Rodriguez et al. (2018) reported that the whole quinoa plant can be integrated
into the rations of ruminants due to its good chemical composition, high rumen
digestion and reduced protozoa as well as, the saponins of quinoa in the ration of
ruminants may be reduce greenhouse gases, without any effect on the digestion
of nutrients. There are a few numbers of studies on the using quinoa in animal
rations.

So, the objective of the current study is to evaluate the effect of using
varying levels of quinoa hay in growing rabbits ration on their productive
performance.

MATERIALS AND METHODS

The present study was carried out in the Center of Agriculture Studies and
Consultations (CASC), Rabbits Production Unit (RPU), labs of Animal Nutrition,
Animal Production Department, Faculty of Agriculture, Ain Shams University,
Cairo, Egypt.

Quinoa hay processing

The quinoa plants were harvested at 90 days after sowing date and
collected at plastic sheet at sunny place for 3 weeks until air dried. The
plants were turned over every 2 days to get good aeration.

Experimental rabbits

Sixty-four growing New Zealand White (NZW) rabbits with
average initial live body weight of 623.69+7.73 kg were randomly
divided into four similar groups, sixteen growing rabbits in each
group. Each group was divided into four replicates. Each replicate
consists of 4 rabbits and the initial live body weight of all
experimental groups was almost equal. The rabbits were weighed
biweekly to calculate total gain, daily gain and feed conversion.

Experimental diet

Four pelleted experimental diets were formulated to be
approximately isocaloric, isonitrogenous and isofiberous. All
experimental diets were formulated at Atmida Company to meet the
recommended nutrient requirements of rabbits according to NRC (1977)
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and Cheeke (1987), but with replacement alfalfa hay by quinoa hay
levels 0, 25, 50 and 75%. Chemical composition of alfalfa hay and
quinoa hay, as well as, ingredient and experimental diets are shown in
Tables (1 and 2).

Management

The experimental rabbits were housed in galvanized metal cages. Each
cage was 60 x 50 x 40 cm for length, width and height respectively, and
provided with feeders and automatic watering system, with four rabbits per
each cage. The cages were located in a naturally ventilated and lighting
building. The experimental diets were offered to the rabbits ad libitum and
fresh water available all the time during the experimental period. Rabbits were
individually weighed at the beginning of the experiment, then at weekly
intervals until the end of experiment. Daily weight gain, daily feed conversion,
feed conversion ration and mortality rate were calculated. The feeding trail
was conducted for 10 weeks.

Carcass characteristics and blood samples

At the end of the trails, five randomly chosen rabbits representing
each group were slaughtered according to the standard technique of
Cheeke (1987). Dressing percentage included relative weights of carcass,
giblets and head. Blood samples were collected at slaughtering in un-
heparinize glasses tube (5 samples/treatment).

Blood serum was separated by centrifugation at 3000 rpm for 15
minutes. The collected serum was stored at -20 C° until assay. Values of
total protein, albumin, total lipids, total cholesterol and urea-N, Alkaline
phosphatase (u/L), Triglyceride, Creatinine and transaminase enzymes
activities (GOT and GPT) were determined by using Kits purchased from
Diamond Diagnostics Company, Egypt. The globulin values were
obtained by subtracting the values of albumin from the corresponding
values of total protein.

Chemical analysis

The chemical composition of the quinoa hay, alfalfa, experimental diet
and feces were analyzed according to AOAC (2016). The total digestible
nutrients (TDN) were calculated according to the classic formula (Cheeke et
al., 1982).

Neutral detergent fiber (NDF), assayed without using sodium sulfite and
expressed inclusive of residual ash and acid detergent fiber (ADF), expressed
inclusive of residual ash were determined according to Van Soest et al. (1991).
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Table 1. Chemical composition of Alfalfa hay and Quinoa hay.

Chemical contents, g/ kg DM

Items Alfalfa hay Quinoa hay
Dry matter 889.50 963.40
Organic matter 878.70 755.50
Ash 121.30 244.50
Silica 13.80 20.50
Crude protein 208.50 139.00
Crude fiber 308.80 227.40
Ether extract 28.40 26.10
Natural detergent fiber 460.60 476.10
Acid detergent fiber 359.70 348.90
Acid detergent lignin 41.60 102.10
Cellulose 318.10 246.80
Hemicelluloses 101.00 127.30
Non fiber carbohydrate® 181.20 114.30
Mineral contents

Sodium (Na) mg/kg 6.40 39.00
Potassium (K) mg/kg 36.70 72.00
Calcium (Ca) mg/kg 30.70 22.00
Magnesium (Mg) mg/kg 4.60 12.00
Manganese (Mn), mg/kg 48.75 57.50
Phosphorus (P) , mg/kg 0.33 0.40
Iron (Fe), mg/kg 2049.0 1375.0
Zinc (Zn), mg/kg 12.00 7.50
Copper (Cu), mg/kg 4.50 8.00
Phytochemical contents

Total phenols mg/g 3.55 3.88
Oxalate mg/100g 38.54 104.91

Phytochemical component

The total soluble oxalic acid (OA) concentration of quinoa
hay and alfalfa hay was determined according to Xu and Zhang
(2000). Determination of total soluble phenols was performed as
described by Shahidi and Naczk (1995).

Digestibility trials

Digestion trials were conducted at the end of growth trial to determine
the digestibility values and nutritive value of the experimental diets expressed
as total digestible nutrients (TDN, %), digestible energy (DE, Kcal/Kg feed)
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Table 2. Formulation and chemical composition of the experimental diets.

Ingredients 0% 25% 50% 75%
quinoa quinoa quinoa quinoa

Barley 20 20 20 20
Corn 10 10 10 10
Soybeen 17.25 17.95 18.55 20.38
W.BRAN 20 19.5 19 17.6
Quinea 0 75 15 22.5
Alfa alfa hay 30 225 15 7.5
Oil 0.3 0.3 0.3 0.2
Limst 0.7 0.6 05 0.3
Salt 0.5 0.4 0.4 0.2
Meth 0.1 0.1 0.1 0.17
Premix Mixture” 0.3 0.3 0.3 0.3
Dical 0.85 0.85 0.85 0.85
Total 100 100 100 100
Chemical composition (as feed basis)

Dry Matter(DM%) 91.32 90.93 91.80 91.39
Organic matter (OM%) 89.51 90.08 89.21 89.50
Crude protein (CP%) 21.11 21.47 22.07 23.37
Crude fiber (CF%) 11.81 11.70 11.27 11.97
Ether extract (EE%) 2.95 4.30 2.49 3.68
Nitrogen free extract (NFE%) 53.64 51.97 50.19 50.17
Crude ash (%) 10.49 9.92 10.79 10.50
NDF(%) 40.11 36.00 39.14 37.80
ADF(%) 16.11 14.76 15.27 15.01
ADL (%) 4.69 4.63 4.14 4.82
Lignin(%) 3.52 421 2.02 3.46

“Each one kg of vitamin & mineral mixture contains: Vit.A 4000000 IU; Vit D3
500001U; Vit E 16.7g.; Vit K3, 0.67g.; Vit.B1 67¢g; VitB2 2.00g; Vit. B6 0.67g; Vit B12
3.33mg ; Cholin chloride 400g.; Biotin 0.07g ;Niacin 16.7g.; pantothenic acid 6.7g; Folic
acid 1.7g;; Copper 1.7g; lron 25.00g; Manganese 10.00g; lodine 0.25¢g; Selenium 33.3g;
Zinc 23.3g and Magnesium 133.3g.

and digestible crude protein (DCP, %). Four animals representing each
group were individually housed in metabolic cages equipped with a
stainless- steel screen and 4 mm mesh to retain feces but allow free
passage of urine. Feed and water intake were offered to rabbits ad-
libitum, during the digestion trial. The digestion trial lasted for 10 days
as preliminary period while the collection period lasted for 5 days in
which feces was collected daily before the morning meal, weighed fresh
and sprayed with 2% boric acid for trapping any ammonia released from
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feces and dried at 60 °C for 24 hrs in an air drying oven. The feces were
then ground and mixed, stored for subsequent chemical analysis. Samples
of diets and feces were chemically analyzed to determine the digestibility
coefficients and nutritive values of the experimental diets.

Statistical analysis:

The data were analyzed according to statistical analysis system
(SAS) User's Guide (2003). Nutrient digestibility, feeding values, and
blood parameters were analyzed by the following model to describe the
data:

Yij=p+Ti+ej

Where, Y; = The observation of the i treatment , p = Overall mean, T; =
Effect of the i"" treatments and e; = Experimental error.
Separation among means was carried out by using Duncan
multiple tests (Duncan, 1955).

RESULTS AND DISCUSSION

Chemical composition

The data of chemical composition and minerals contents of quinoa hay
compared to alfalfa hay are presented in Table 1. The data showed that quinoa
hay recorded lower OM content compared to alfalfa hay (755.50 vs. 878.70
o/kg) and vise versa quinoa hay recorded higher ash content compared to
alfalfa hay (244.50 vs. 121.30 g/kg). The CF and EE content in quinoa hay
were lower than alfalfa hay (227.40 vs. 308.80 and 26.10 vs. 28.40 g/kg,
respectively).

The cell wall contents of quinoa hay as NDF, ADF and ADL were close
to those recorded for alfalfa hay (Table 1). Values of NDF and ADF were
close to those recorded by Peiretti et al. (2013) who found that NDF and ADF
content in quinoa plants were 493.7 and 331.3, respectively.

The minerals contents in quinoa hay as Na, K, Mg, P, Mn and Cu were
higher than those in alfalfa hay, which support the higher Ash content of
quinoa hay compared to alfalfa hay, while Ca, Zn and Fe were lower in quinoa
hay than alfalfa hay (Table 1).

Quinoa hay had higher oxalate content than those of alfalfa hay,
while total phenols content was similar for both plants hay (Table 1).

The different formulations of experimental diets are presented in
Table 2. The different ingredients were used by different ratios to
formulate the diets to be approximately isocaloric, isonitrogenous and
isofibrous.
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Feed consumption

Feed consumption, nutrients digestibility coefficients and nutritive
values of the experimental diets are presented in Table 3. The results showed
insignificant (P>0.05) differences in feed consumption between different
experimental groups during all experimental periods (5-9 weeks of age, 9-15
weeks of age and 5-15 weeks of age). The average feed intake was low during
the first period and then increased during the second period. These results are
in agreement with NRC (1977) who reported that rabbits, like most animals,
are adjusting their feed intake to meet their needs.

The results of feed intake in Table 3 may indicate that the palatability of
quinoa hay is similar to that in alfalfa hay which not affect feed intake. Also,
sodium content in quinoa hay had no negative effect on feed intake. Wang et
al. (2011) replaced 33.3, 66.7, and 100 corn stover with salinity tolerant plants
and found no significant effect on feed intake.

Nutrient digestibility coefficient

Replacement of alfalfa hay by 25%, 50% and 75% quinoa hay reduced
the values of all nutrient digestibility coefficients (Table 3). The group of
rabbits that received 25%, 50% and 75% quinoa hay showed significantly
(P<0.05) lower values of TDN and DCP compared to control group.

Growth performance
Live body weight

Rabbits performance of the experimental diets are presented in Table 4.
The results showed that insignificant differences in the initial body weight
were observed at 5 weeks of age. During the first period (4 weeks after
weaning), it may be noted that rabbit feeding on diets containing quinoa hay as
a substitute for alfalfa hay as a major source of fiber, grew slower (P>0.05)
than the control group. Also, insignificant differences were observed in
average daily gain during the period 9-15 weeks of age. The same trend was
obtained during the whole trial period (5-15 weeks of age). This may be due to
the similar crude protein and metabolizable energy level of diets. These results
are in agreement with Marino et al. (2018).

Feed conversion

During the first trial period (5-9 weeks), the values of feed conversion
ratio were not significantly affected (P>0.05) by using quinoa hay as a
substitute for alfalfa hay (Table 4). These results are in agreement with El
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Table 4. Effect of quinoa hav levels on rabbits performance.

ABO-EID et al.

Items Levels of quinoa hay P value
0% 25% 50% 73%

Live body weight (g) at:

3 weeks 623.38=z7.73 623252773 624312773 62381=7173 059

9 weeks 14332824027 137928=4027 1412284027 13581524027  0.57

15 weeks 207243=62.68 2063477238 2073.65=62.68 205793=7238 041

Daily weight gain (g) from:

5-9 weeks 28.93=1.50  27.00=1.50  28.14=1.50  26.23=1.50 0.61

9-15 weeks 15222120 16.75x1.38 15752120 15.94z1.38 0.87

5-15 weeks 2070091  2051=1.05  20.71=0981  2047=1.03 0.95

Feed conversion ratio (FCR) from

5-9 weeks 2.5620.21 2.77£0.21 2.74£0.21 2.7620.21 0.87

9-15 weeks 5.67£1.89 5.50£2.18 5.77£1.89 10.27£2.18 0.37

5-15 weeks 442=1.14 4352132 456=1.14 7.23£1.32 0.37

Mortality Rate

5-15 weeks 4 6 2 7

82
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Sayed (2016) who reported that insignificant differences in the feed
conversion may be due to the close values of feed intake parallel to the
average daily gain values. While the group fed on 25% of quinoa hay (Table
4) gave insignificant improvement (P>0.05) of feed conversion ratio compared
with those fed control group, 50% and 75% quinoa hay at 9-15 weeks and
entire experimental period (5-15 weeks). These results may be due to the
improvement of daily weight gain.

Mortality rate

Table 4 showed death losses during entire experimental period either for
group fed on alfalfa hay or the groups fed quinoa hay as a substitute of alfalfa
hay. This may be due to management conditions.

Blood parameters

The effect of quinoa hay levels on blood parameters is shown in Table 5.
An insignificant increase (P>0.05) was observed in the values of total protein,
albumin and globulin in rabbit group received 25% quinoa hay compared to
the control group. These results can be attributed to the fact that the different
rations are approximately isocaloric, isonitrogenous and isofibrous. Abdel-
Azeem and El-Bordeny (2007) reported a positive correlation between the
concentration of dietary protein and plasma protein. Also, the same author
mentioned that the low level of plasma proteins may be due to a decrease in
the protein that is absorbed and synthesized and an increase in protein loss.
Ashour et al. (2004) reported that albumin concentration was considered a
reflection of the animal ability to synthesize and store protein. Jones and Bark
(1979) stated that the site of synthesis albumin is the liver, while lymphoid
tissue is the one that forms globulin.

The values of total plasma protein and its fractions in this study were
within the normal range and near to the values of Abdel-Azeem and El-
Bordeny (2007) and higher than the levels in study of Wang et al. (2017). The
different values might be due to the differences in age and growth period of
the animals.

Insignificantly (P >0.05) higher values of urea-N were observed for
the groups received quinoa hay compared to control group (Table 5).
Also, there was no significant difference between control group and
groups that received quinoa hay for GOT and GPT values. These results
are consistent with Gugotek et al. (2018) who reported that quinoa
(Chenopodium quinoa) seeds as a protein supplement with less than
100g/kg are useful and safe in use for feeding broiler without any
adverse effects on liver functions GOT and GPT.
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Tahle 3, Effect of quinoa hav levels i rabbits diets on blood constituents.
Items Levels of quinoa hay P
0% 1% 30% Ta% value
Totalprotem (z/d]) 634019 644019 631019 604019 03]
Alburnm (z/d]) 348013 33201 33501 3014 078
(lobulm (g dI) 136020 292420 296020 171021 086
AlG ratio 130013 WESINE 118013 132014 089
Urea-N (m/d]) 3380180 37151 R0 3861180 354389 (3]
GOT (L) 330098 336098 443008 380098 031
GIT (wl) 6460142  0693z14] 618314 6303141 009
Akabnephosphatsse (L) 0898015 03824006 020015 0343016 003
Trgeoride (me d) 3810704 10G2IT0  1G04SEITON 1MBEITH 016
Cholestrol e d]) 18350677 4177677 AD3SE6TTSL386TT 07
Creatmme (z/L) L1014 163l A B A b E )

g b,.etc.: Mezons in the seome repwwith dlifierent leters, aifer significantly (P<0.03).
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The level of triglycerides insignificantly decreased (P> 0.05) after adding
quinoa hay to the ration. This result is in agreement with Pasko et al. (2010)
who reported that feeding rats on quinoa seeds led to effectively reduced total
cholesterol and triglycerides.

In the current study, insignificantly (P>0.05) decrease in plasma
cholesterol concentration was observed by consuming quinoa hay compared to
control group (Table 5). This finding is consistent with Tomotake et al. (2007),
Wang et al. (2009) and Pasko et al. (2010) who reported that some proteins
from pseudo cereals (amaranth, buckwheat or quinoa) can affect on level of
total cholesterol serum. Also, Takao et al. (2005) and Ryan et al. (2007)
suggest that the hypocholesterolemic effect of quinoa may be caused by the
saponins, fiber or squalene.

In the present study, the results of Table 5 showed that using the level of
25% from quinoa hay did not affect creatinine level compared to control group
and the same results was reported by Pasko et al. (2010) after adding quinoa
seeds to the ration. While, a significant increase (P<0.05) was observed in the
values of creatinine in the rabbits groups received 50% and 75% quinoa hay
compared to that received 25% quinoa hay and control group.

Conclusively, from these results, it could be concluded that quinoa hay
can be successfully used with 25% from dietary alfalfa hay as a source of fiber
to replace alfalfa hay in the rabbit ration without any negative effect on rabbit
performance. The use of quinoa hay in animal rations can be an alternative
solution to environmental problems in some regions where other species cannot
grow due to salinity and dry of soils.
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