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The utility of Moringa oleifera leaf meal (MOLM) as a source of biologically
active substances and nutrients for Jumbo quail is limited by high
concentrations of condensed tannins and fiber. Simultaneous application of
polyethylene glycol (PEG), a tannin-binding compound, and exogenous
fibrolytic multi-enzymes could ameliorate antinutritional effects of
condensed tannins and fiber thus improving MOLM utilization in quail diets.
This study investigated the effect of pre-treating dietary MOLM with PEG and
fibrolytic enzymes on live performance, blood parameters, visceral organs, and
carcass and meat quality characteristics in Jumbo quail. A total of 381, two-
week-old quail chicks (57.5 + 3.95 g live-weight) were randomly distributed to
six dietary treatments replicated six times. The treatments were: T1 = a standard
grower diet containing untreated MOLM (10%); T2 = a standard grower diet
containing MOLM (10%) pre-treated with 5.4% PEG; and a standard grower diet
containing MOLM (10%) pre-treated with 5.4% PEG and 1.25% (T3), 1.50% (T4),
1.75% (T5) and 2.0% (T6) fibrolytic multi-enzymes. Graded levels of enzymes did
not induce linear or quadratic effects for overall feed intake, feed conversion
efficiency, hematological, carcass, and meat quality parameters in response to
increasing fibrolytic enzyme levels. However, weight gain in week 3
quadratically responded [R? = 0.117, P = 0.043]. Three-week old birds reared
on T3 had lower (p < 0.05) weight gains (40.9 g/bird) than those reared on the
other treatment groups. Birds reared on T6 diet had longer caecum (14.1 cm)
than those reared on T2, T3, T4 and T5 whose caeca lengths did not differ (P >
0.05). Birds reared on diet T5 had shorter small intestines (59.5 cm) than those
reared on T1 and T2 diets. It can be concluded that simultaneous pre-treatment
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of dietary MOLM with PEG and fibrolytic enzymes did not improve live
performance, blood parameters, and carcass and meat quality traits, but
affected some visceral organ sizes in Jumbo quail.
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blood parameters, fiber, fibrolytic enzymes, growth, meat quality, polyethylene
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Introduction

Sustainable Jumbo quail (Coturnix spp.) production has the
potential to economically transform the poultry industry and
contribute towards food and nutrition security for the rapidly
growing human population. This is because the Jumbo quail has
rapid growth rates, high meat-to-bone ratio, early sexual
maturity (42 days of age), high reproductive rates, strong
disease resistance, and low feed and space requirements
(Mbhele et al., 2019; Mahlake et al., 2021). Thus, the use of
phytogenic plant products in their diets would enhance feed
utilization efficiency, thereby facilitating sustainable large-scale
intensification for safe, healthy, and high-quality quail products
(Mahlake et al, 2021). Phytogenic products such as Moringa
oleifera leaf meal (MOLM) can be incorporated in Jumbo quail
diets as a source of nutrients and functionally active substances
(Ahmed and El-Rayes, 2019) such as protein, amino acids,
omega-3 fatty acids, vitamins A and C, antioxidants, calcium,
iron, potassium, and phosphorous (Onunkwo and George, 2015;
Trigo et al, 2020). The antioxidant compounds (phenols,
flavonoids, vitamin C, vitamin E, B-carotene, zinc, and
selenium) in M. oleifera leaves are said to improve stability
and the quality of meat products (Valeria and Williams, 2011).
Moringa oleifera leaf meal has also been reported to reduce the
activity of pathogenic bacteria and molds, thus has the potential
to protect birds from subclinical infections and consequently
boost their performance (Khan et al., 2022). Unfortunately, the
high levels of condensed tannins (0.070 absorbance unit (AU)
550 nm/200 mg) and fibre (157.5 g/kg DM) in MOLM reduces
nutrient utilization, growth performance and meat quality
(Mahfuz and Piao, 2019) especially when included beyond 25
g/kg in quail diets (Mulaudzi et al., 2019). Indeed, poultry birds
reared on diets that have high concentrations of fiber and
condensed tannins have been reported to suffer from
metabolic disorders due to poor nutrient uptake (Khajali and
Slominski, 2012). Undigested non-starch polysaccharides (NSP)
constitute a large proportion of digesta in high fiber diets, which
causes digestive upsets that result in sticky droppings and poor
development in young growing birds (Desbruslais et al., 2021;
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Jha and Mishra, 2021). High levels of cellulose, pectin, and xylan
in MOLM (David et al., 2012), causes the formation of high-
molecular weight sticky clumps in the gastrointestinal tract of
the birds, which delays digesta flow and ultimately affects growth
performance (Wallace et al, 2010). High concentrations of
condensed tannins have been linked to poor feed utilization
efficiency, low growth rates, and reduced protein digestibility in
poultry birds (Redondo et al., 2014; Choi and Kim, 2020). Thus,
the combined use of a tannin-binding agent, polyethylene glycol
(PEG), and fibrolytic enzymes could be an efficient strategy to
ameliorate the antinutritional effects of condensed tannins and
fiber for improved MOLM utilization, live performance, blood
parameters, visceral organs, and carcass and meat quality traits
in Jumbo quail. Pre-treatment of MOLM with exogenous
fibrolytic enzymes could facilitate the breakdown of the cell
wall matrix of moringa NSP that cannot be hydrolyzed by
endogenous digestive enzymes, thus reducing their
antinutritive effects (Mousa et al., 2022). On the other hand,
the PEG could deactivate MOLM condensed tannins by forming
PEG-tannin complexes, and as such increase nutrient
bioavailability and digestibility (Hlatini et al., 2018). The
hydroxyl groups in condensed tannins form hydrogen bonds
with oxygen molecules from water-soluble PEG, which could
explain the increase in nutrient digestibility of PEG-treated
tannin-rich feeds (Abd El Tawab and Khattab, 2018). No
studies have investigated the simultaneous application of PEG
and exogenous fibrolytic multi-enzymes as a strategy to improve
the utilization of MOLM in Jumbo quail diets. Furthermore, pre-
treatment with both PEG and exogenous fibrolytic enzymes
could facilitate the use of higher dietary inclusion levels of
MOLM (e.g., 100 g/kg) allowing the birds to benefit from
higher doses of the bioactive compounds in moringa. This
study, therefore, evaluated the effect of pre-treating MOLM
with PEG (5.4%) and different levels of fibrolytic enzymes on
live performance, blood parameters, visceral organs, and carcass
and meat quality traits in Jumbo quail. We hypothesized that
pre-treating MOLM with PEG and fibrolytic enzymes would
improve feed intake, physiological, and meat quality parameters
of the birds.
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Materials and methods

Polyethylene glycol and enzyme
treatment of moringa

The MOLM was supplied by Origin Organics Investments
(PTY) LTD located in Centurion (Gauteng, South Africa),
whereas the PEG (Mr 4000; H-(O-CH,-CH,),-OH) was
purchased from Agro-Enviro Solutions (Gauteng, South
Africa). The fibrolytic enzyme mixture (Viscozyme® L), which
is a multi-enzyme complex containing xylanase, cellulase, f3-
glucanase, arabanase, and hemicellulase, was bought from
Sigma-Aldrich (Gauteng, South Africa). The multi-enzyme
had an activity of 100 fungal f-glucanase per gram and a
density of 1.2 g/ml. In our previous work, pre-treating dietary
MOLM with 5.4% PEG maximized feed conversion efficiency in
Jumbo quail (Mulaudzi et al., 2022a), however, pre-treatment
with enzyme levels up to 1% did not maximize the performance
of the birds (Mulaudzi et al., 2022b) suggesting higher enzyme
levels may be effective. Thus, in this study, MOLM pre-treated
with 5.4% PEG was further treated with 0, 1.25, 1.50, 1.75, or 2%
fibrolytic enzymes before being incorporated (10% w/w) into a
standard quail diet. A standard quail diet containing untreated
MOLM (10% w/w) was also included as the sixth experimental
diet. The PEG solution was made by dissolving 324 g of PEG in 6
L of distilled water. For the fibrolytic enzyme pre-treatment,
62.5, 75, 87.5 and 100 ml of Viscozyme® L were dissolved in the
PEG solution described above and then sprayed on MOLM (6 kg
per treatment). The untreated MOLM (6 kg) was sprayed with 6
L of distilled water only, and mixing was done by hand for all the
samples. The untreated and treated MOLM samples were kept at
an average room temperature of 25°C for 12 h to allow PEG and
the enzymes time to react with MOLM tannins and fiber,
respectively. Thereafter, the untreated and treated MOLM
samples were air-dried to constant weight and then milled

10.3389/fanim.2022.960233

(Polymix PX-MFC 90 D, Kinematica AG, Switzerland) before
diet formulation. The proximate composition (Table 1) of
untreated and PEG and fibrolytic enzyme pre-treated MOLM
was determined as described by Mulaudzi et al., (2022a) and
Mulaudzi et al., (2022b).

Diet formulation

Six mash dietary treatments were formulated by hand to
meet the nutritional requirements for grower quail as stated by
the National Research Council (National Research Council,
2004) as follows: T1 = a standard grower diet containing
untreated 10% MOLM; T2 = a standard grower diet
containing 10% MOLM pre-treated with 5.4% PEG; and a
standard grower diet containing 10% MOLM pre-treated with
5.4% PEG and 1.25% (T3), 1.50% (T4), 1.75% (T5) and 2% (T6)
fibrolytic enzymes as shown in Table 2. The nutritional
composition of the dietary treatments was determined as
described in our previous work (Mulaudzi et al., 2022a;
Mulaudzi et al., 2022b).

Feeding trial

The experiment was conducted in spring (September -
October 2021) at North-West University Molelwane Farm (25°
86'00” S; 25°64'32” E), South Africa. In a completely
randomized design, 381 two-week old unsexed Jumbo quail
chicks, purchased from Golden Quail Farm (Randfontein,
South Africa), were evenly distributed to 36 replicate pens
(experimental unit). The experimental diets were then
randomly allocated to the experimental units such that each
diet was replicated six times. The pens, each holding 10 or 11
chicks, were built using wire mesh (30 cm H x 60 cm W x

TABLE 1 Nutritional composition (g/kg DM, unless stated otherwise) of untreated and polyethylene glycol- and fibrolytic- enzyme pre-treated

Moringa oleifera leaf meal.

S1 S2
Dry matter (g/kg) 922.5 933.0
Ash 9.24 9.21
Organic matter 846.4 850.2
Calculated ME* (M]/kg) 11.9 11.9
Crude protein 243.5 2315
Neutral detergent fiber 157.5 156.6
Acid detergent fiber 138.9 138.7
’SCT (AU 5500m/200mg) 0.070 0.058

'Substrates
S3 S4 S5 S6
9153 9123 908.9 915.6
8.91 7.99 7.18 7.69
8323 828.0 840.5 829.9
11.9 11.9 11.9 11.9
22338 2234 213.1 2117
155.3 154.6 1513 147.7
136.3 135.2 130.2 1255
0.057 0.055 0.022 0.021

'Substrates: S1 = untreated Moringa oleifera leaf meal; S2 = Moringa oleifera leaf meal pre-treated with 5.4% polyethylene glycol; $3 = Moringa oleifera leaf meal pre-treated with 5.4%
polyethylene glycol and 1.25% fibrolytic enzymes; S4= Moringa oleifera leaf meal pre-treated with 5.4% polyethylene glycol and 1.5% fibrolytic enzymes; S5 = Moringa oleifera leaf meal pre-
treated with 5.4% polyethylene glycol and 1.75% fibrolytic enzymes; S6 = Moringa oleifera leaf meal pre-treated with 5.4% polyethylene glycol and 2.0% fibrolytic enzymes.

2Calculated ME, calculated metabolizable energy; 35CT, soluble condensed tannins.
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TABLE 2 Gross ingredient composition (g/kg as fed basis, unless stated otherwise) of the dietary treatments.

Ingredients 'Diets

T1 T2 T3 T4 T5 Té6
Polyethylene glycol (%) 0.0 54 5.4 5.4 5.4 5.4
Viscozyme® L (%) 0.0 0.0 125 1.50 1.75 2.0
Moringa oleifera leaf meal 100.0 100.0 100.0 100.0 100.0 100.0
Fine yellow maize 698.6 626.9 626.9 626.9 626.9 626.9
Prime gluten 60 18.0 18.0 18.0 18.0 18.0 18.0
Full fat soya meal 50.7 148.6 148.6 148.6 148.6 148.6
Soybean meal 196.7 70.5 70.5 70.5 70.5 70.5
Limestone meal 14.5 14.5 14.5 14.5 14.5 14.5
Mono calcium phosphate 72 7.2 7.2 7.2 7.2 7.2
Salt-fine 32 32 32 32 32 3.2
Sodium bicarbonate 1.7 1.7 1.7 1.7 1.7 1.7
Choline meal 0.8 0.8 0.8 0.8 0.8 0.8
Lysine 2.8 2.8 2.8 2.8 2.8 2.8
L-Threonine 0.4 0.4 0.4 0.4 0.4 0.4
Methionine 1.9 1.9 1.9 1.9 1.9 1.9
Grower-phytase 1.7 1.7 1.7 1.7 1.7 1.7
Vitamin and Mineral Premix* 0.5 0.5 0.5 0.5 0.5 0.5
Olaquindox 0.4 0.4 0.4 0.4 0.4 0.4
Nutritional composition (g/kg DM, unless stated otherwise)
Dry matter (g/kg) 920.0 919.9 916.9 910.6 910.3 907.3
Ash 5.82 542 5.46 5.35 5.11 5.05
Organic matter 868.0 858.9 862.2 872.2 878.4 855.1
Calculated ME? (MJ/kg) 11.9 11.9 11.9 11.9 11.9 11.9
Crude protein 184.5 184.0 184.2 184.8 184.6 184.2
Neutral detergent fiber 166.8 156.4 155.7 154.6 146.4 147.7
Acid detergent fiber 158.3 155.5 140.9 145.8 143.2 137.8
SCT (AU ssommya00mg) 0.029 0.020 0.018 0.016 0.015 0.011

"Diets: T1 = a standard grower diet containing untreated 10% Moringa oleifera leaf meal (MOLM); T2 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG; T3 = a
standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.25% fibrolytic enzymes; T4 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and
1.50% fibrolytic enzymes; T5 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.75% fibrolytic enzymes; and T6 = a standard grower diet containing 10%
MOLM pre-treated with 5.4% PEG and 2% fibrolytic enzymes.

2Premix: vitamin A (11000 IU), vitamin B1 (2.5 mg), vitamin B2 (4.5 mg), vitamin B6 (5.1 mg), vitamin D3 (2500 IU), vitamin E (25 IU), vitamin K3 (2.0 mg), biotin (0.12 g), pantothenic
acid (10 mg), niacin (30 mg), folic acid (0.7 mg), sodium selenite (0.25 mg), copper sulphate (8.0 mg), zinc sulphate (79 mg), potassium iodide (0.34 mg), magnesium sulphate (100 mg), and
ferrous sulphate (80 mg). 3Calculated ME, calculated metabolizable energy; 4SCT, soluble condensed tannins.

100 cm L) while polythene plastics were used as bedding. The the six mortality values randomly observed from the treatment
birds were offered stress packs (consisting of soluble vitamins groups during the feeding trial.

and electrolytes) for the first three days. The quail house had an

average temperature of 30°C and humidity of 60%, which was

monitored daily. The birds had unlimited access to the Blood collection and analyses

experimental diets, fresh and clean water for the entire feeding

period, and natural lighting as a source of light (06h00 - 18h00). At day 42 of age, all the birds in each experimental unit were
Initial live weights (57.5 £ 1.72 g) were recorded at two weeks of weighed to determine final body weight (FBW). The birds per pen
age and then measured weekly until six weeks of age by weighing were then transferred to well-ventilated crates and then
all the birds in a pen to establish average weekly body weight transported by road to a local poultry abattoir. Upon arrival, the
gain (ABWG). From week 2 to week 6, the average weekly feed birds were allowed to rest for a period of 1 - 2 hours with access to
intake (AWFI) was calculated by subtracting the weight of feed drinking water. Thereafter, the birds were stunned and
refusals from the weight of feed supplied. Feed conversion slaughtered by cutting the jugular vein. While bleeding, 2 ml of
efficiency (FCE) was calculated as a proportion of weight gain fresh blood samples were randomly collected from two birds per
to feed intake. The growth performance data was adjusted using experimental unit and immediately transferred into whole blood
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tubes (with EDTA) and serum tubes for analyses of hematological
and serum biochemical parameters, respectively. The blood
samples were handled, processed, and stored as described by
Washington and van Hoosier (2012). Hematological parameters
(erythrocytes, hematocrits, hemoglobin, mean corpuscular
hemoglobin, mean corpuscular volume) were determined using
the automated Hematology Analyzer (model no. 93-30001-01),
whereas biochemical parameters (albumin, alkaline phosphatase
(ALKP), alanine transaminase (ALT), amylase, blood glucose,
calcium, creatinine, globulin, lipase, phosphorus and total
protein) were analyzed using the automated Vet Test Chemistry
Analyzer (model no. 89-92525-00) from IDEXX Laboratories
(Pty) Ltd (Gauteng, South Africa), respectively.

Carcass, internal organs, and
meat quality

All carcasses were weighed to determine hot carcass weight
(HCW) and then re-weighed after being chilled in a cold room
for 24 hours to determine cold carcass weight (CCW). The
proportion of HCW on FBW was used to measure the carcass
yield. All carcass parts (breast, wing, drumstick, and thigh) and
internal organs (liver, gizzard, proventriculus, and small
intestine) were weighed using a digital weighing scale
(Explorer® EX224, OHAUS Corp, US) and expressed as a
percentage of the HCW. Breast meat lightness (L*), redness
(a*), and yellowness (b*) were taken 1 hour and 24 hours post-
mortem using a color spectrophotometer (CM 2500c, Konika
Minolta, Osaka, Japan) according to the Commission
Internationale del’Eclairage (CIE, 1976). Hue angle and
chroma values were calculated using a* and b* as described by
Priolo et al. (2002). Meat pH was measured on the pectoralis
major muscle 1 hour and 24 hours post-mortem using a pH-
temperature meter (Corning Glass Works, Medfield, MA, USA),
which was calibrated using standard pH solutions after each
experimental unit. Breast meat samples were pre-weighed and
then cooked to a core temperature of 75°C to determine cooking
loss (Honikel, 1998). The filter-paper press method was used to
assess the water holding capacity (WHC) of breast meat slices
held under pressure of 60 kg in between two filter papers (Grau
and Hamm, 1957). Drip loss was determined following the
methods described by Honikel (1998) where breast meat slices
are hanged at 1 - 4°C for 3 days.

Statistics
Regression analysis (Proc RSREG; SAS, 2010) was employed

to evaluate the coefficients for linear and quadratic effects of all
measured parameters in response to the increasing levels of
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fibrolytic enzymes. The T1 data were not used in the regression
analysis. Weekly measured data (feed intake, weight gain, and
FCE) were analyzed using repeated measures analysis option in
the general linear model statement of SAS (2010) to determine
interaction effects between diet and time (bird age in weeks).
Data for overall feed intake, live performance, blood parameters,
visceral organs, and carcass and meat quality traits were
analyzed using one-way ANOVA (PROC GLM; SAS, 2010)
with diet as the only factor. Significance was declared at P <
0.05 and treatment means were separated using the probability
of difference option in SAS.

Results

Repeated measures analysis showed a significant week x diet
interaction effect on ABWG (P = 0.001), but not on AWFI (P =
0.356) and FCE (P = 0.321). Table 3 shows that neither linear or
quadratic effects (P > 0.05) were recorded for overall feed intake
and FCE as enzyme levels increased. However, weight gain in
three-week-old quail quadratically responded [y = 53.18 (+ 4.63) -
0.198 ( + 0.081) x + 0.000848 ( + 0.000324) x% R> = 0.248, P =
0.016] to increasing enzyme pre-treatment levels. Similarly,
dietary influences (P < 0.05) were only observed on weight gain
in week 3. Three-week-old birds reared on diet T3 had lower
(P < 0.05) weight gain compared to birds reared on the other
treatment groups, whose weight gain did not differ (P > 0.05).

Table 4 indicates that there were neither linear nor quadratic
effects (P > 0.05) for all the blood parameters. Similarly, no
significant dietary effects were observed on the blood parameters
(P > 0.05) of Jumbo quail.

Pre-treatment of dietary MOLM with incremental levels of
fibrolytic enzymes showed no significant linear or quadratic
effects for carcass characteristics in Jumbo quail (Table 5).
Similarly, no significant dietary effects were observed on all
carcass traits. A linear decrease was observed for small intestine
length [y = 64.75 (+ 4.390) - 0.004 (+ 0.077) x; R*> = 0.215, P =
0.028] and a quadratic effect was observed for caecum length [y =
15.37 (+ 3.281) - 0.112 (+ 0.058) x — 0.0005 (+ 0.0002) x* R* =
0.182; P = 0.039] in response to incremental levels of fibrolytic
enzymes. Birds reared on T6 diet had longer caeca (14.1 cm)
than those reared on T2, T3, T4 and T5, whose caeca lengths did
not differ (P > 0.05). The control diet T1 promoted similar (P >
0.05) caeca length as the T6 diet. Birds reared on diet T5 had
shorter small intestines (59.5 cm) than those reared on T1 and
T2 diets. The T2 diet promoted similar (P > 0.05) small intestine
lengths as the T1, T3, T4 and T6 diets.

Table 6 indicates that there were neither linear nor quadratic
effects (P > 0.05) for all the meat quality parameters. Similarly,
no significant dietary effects were observed on meat quality
parameters (P > 0.05).
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TABLE 3 Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and fibrolytic enzymes on growth performance in

Jumbo quail.

“Parameters 'Diets 3SEM P values
T2 T3 T4 T5 T6 Linear Quadratic

Overall FI 155.3 161.7 154.6 156.8 152.0 5.551 0.350 0.661
Overall FCE 0.268 0.281 0.259 0.263 0.269 0.007 0.536 0.712
Average weekly weight gain (g/bird)

Week 3 45.6° 40.9° 45.0° 48.2° 45.4° 1.357 0.383 0.016
Week 4 46.5 49.6 48.6 46.5 45.6 2.334 0.994 0.269
Week 5 46.2 428 39.0 422 40.2 2.736 0.070 0.181
Week 6 16.8 283 21.8 19.7 20.6 4.159 0.877 0.139

**Means in the same row with different superscripts indicate statistical differences (P < 0.05).

'Diets: T1 = a standard grower diet containing untreated 10% Moringa oleifera leaf meal (MOLM); T2 = a standard grower diet containing 10% MOLM pre-treated with 5.4% polyethylene
glycol (PEG); T3 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.25% fibrolytic enzymes; T4 = a standard grower diet containing 10% MOLM pre-treated
with 5.4% PEG and 1.50% fibrolytic enzymes; T5 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.75% fibrolytic enzymes; and T6 = a standard grower diet
containing 10% MOLM pre-treated with 5.4% PEG and 2% fibrolytic enzymes.
*Parameters: Overall FI = feed intake for the entire duration of the study; Overall FCE = feed conversion efficiency for the entire duration of the study.
3SEM, standard error of the mean.

Discussion

Moringa oleifera leaf meal (MOLM) can supplement Jumbo

quail diets with bioactive substances and nutrients required for

optimum production. However, the utility of the meal is limited

by high levels of fiber and condensed tannins. In our previous

study, the inclusion of dietary MOLM beyond 25 g/kg in quail

diets had adverse effects on feed utilization efficiency and growth

performance traits (Mulaudzi et al., 2019). Higher dietary

MOLM inclusion levels in Jumbo quail diets would promote

sustainable intensification of the birds but require pre-treatment

to ameliorate the antinutritional activities of fiber and condensed

tannins. In the current study, repeated measures analysis

revealed a significant diet x week interaction effect on weight

TABLE 4 Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and fibrolytic enzymes on blood parameters in

Jumbo quail.

2
Parameters

Erythrocytes (x10°/L)
Hematocrits (L/L)
Hemoglobin (g/dL)
MCH (pg)

MCV (fL)

Glucose (mmol/L)
Creatinine (umol/L)
Phosphorus (mmol/L)
Calcium (mmol/L)
Total protein (g/L)
Albumin (g/L)
Globulin (g/L)

ALT (U/L)

ALKP (U/L)
Amylase (U/L)
Lipase (U/L)

T1

4.00
25.3
10.3
26.5
60.8
0.785
9.00
5.20
2.09
36.5
12,5
24.0
28.0
230.0
224.5
214.5

T2

3.93
28.7
9.25
23.1
70.4
2.95
9.00
5.19
2.49
40.0
15.0
25.0
50.8
153.0
275.6
330.6

T3

4.49
36.6
11.1
249
81.5
3.26
10.4
5.18
2.67
35.8
122
23.5
41.6
179.1
367.7
235.1

'Diets

T4

6.03
46.3
10.8
17.9
76.8
2.57
9.00
4.98
2.18
34.6
12.4
22.2
38.1
177.9
277.8
220.2

T5

3.60
18.6
11.7
32.7
52.1
1.57
9.08
491
2.44
31.9
12.3
19.7
29.8
216.5
283.5
224.7

Té6

5.50
43.0
11.6
21.5
78.5
4.75
9.00
4.70
2.65
32.6
15.3
21.5
21.2
280.4
213.6
243.3

3SEM

0.902
9.312
1913
2.836
8.167
2.155
1.410
0.203
0.621
2.663
2.910
4.178
4.290
49.48
59.21
37.59

Linear

0.088
0.210
0.178
0.655
0.827
0.204
0.792
0.137
0.606
0.230
0.133
0.330
0.096
0.067
0.515
0.508

P values

Quadratic

0.585
0.529
0.331
0.776
0.546
0.822
0.234
0.923
0.848
0.807
0.093
0.858
0.887
0.210
0.162
0.236

'Diets: T1 = a standard grower diet containing untreated 10% MOLM; T2 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG; T3 = a standard grower diet
containing 10% MOLM pre-treated with 5.4% PEG and 1.25% fibrolytic enzymes; T4 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.50% fibrolytic
enzymes; T5 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.75% fibrolytic enzymes; and T6 = a standard grower diet containing 10% MOLM pre-treated

with 5.4% PEG and 2% fibrolytic enzymes.
*Parameters: MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume; ALT, alanine transaminase; ALKP, alkaline phosphatase.

3SEM, standard error of the mean.
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TABLE 5 Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and fibrolytic enzymes on carcass characteristics and

size of internal organs (¥HCW, unless stated otherwise) in Jumbo quail.

*Parameters 'Diets

? T1 T2 T3 T4

FBW 211.8 206.7 2182 2115
HCW (g) 137.9 131.6 135.7 139.8
CCW (g) 135.2 129.2 134.1 136.0
Carcass yield (%) 65.2 68.9 62.2 66.1

Breast 18.9 18.5 18.6 18.7

Wing 4.77 4.97 4.87 4.75

Thigh 6.56 6.58 6.54 6.45

Drumstick 4.02 4.39 441 4.35

Back (cm) 9.92 10.3 10.0 9.61

Wing (cm) 10.64 10.62 10.62 10.60
Thigh (cm) 4.46 455 4.52 439

Drumstick (cm) 524 5.40 533 524

Caecum (cm) 11.8%° 10.4° 9.74° 9.56°
Small intestine (cm) 64.6" 65.1° 643 61.9°
Gizzards 2.55 2.61 247 2.52

Liver 2.92 2.88 3.85 2.59

Proventriculus 0.63 0.61 0.61 0.60

Caecum 1.09 1.39 1.17 1.25

Small intestine 4.84 4.84 4.98 4.38

**Means in the same row with different superscripts indicate statistical difference (P < 0.05).
'Diets: T1 = a standard grower diet containing untreated 10% MOLM; T2 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG; T3 = a standard grower diet
containing 10% MOLM pre-treated with 5.4% PEG and 1.25% fibrolytic enzymes; T4 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.50% fibrolytic
enzymes; T5 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.75% fibrolytic enzymes; and T6 = a standard grower diet containing 10% MOLM pre-treated

with 5.4% PEG and 2% fibrolytic enzymes.

2parameters: FBW, final body weight; HCW, hot carcass weight; CCW, cold carcass weight.

3SEM, standard error of the mean.

gain only, indicating that as the birds grew older the ranking of
dietary treatments in terms of weight gain changed. It is not clear
why the birds fed with diet T3 had lower weight. Indeed, no
dietary differences were observed in weeks 4, 5, and 6. Thus, the
reasons for the reduced weight gain in the T3 group are
unknown. In addition, pre-treatment of MOLM with PEG and
fibrolytic enzymes had no effect on overall feed intake and feed
conversion efficiency, signifying that both additives did not
improve the feed value of MOLM. This further suggests that
there is no benefit in pre-treating high dietary MOLM (100 g/kg)
levels with PEG and enzymes as it does not enhance growth
performance traits in Jumbo quail. Similar findings were
reported by Kumanda et al. (2019), who reported a lack of
improvement on growth performance of broiler chickens upon
pre-treatment of red grape pomace waste with PEG and
fibrolytic enzymes. Similarly, Lee et al. (2014) and Abolade
(2016) did not observe any significant improvement on growth
performance parameters of broiler chickens reared on enzyme-
supplemented diets. Although these feed additives have been
proven to individually improve nutrient utilization and growth
performance (Kaczmarek et al., 2015; Aziz ur Rahman
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3SEM P values

T5 T6 Linear Quadratic
210.8 208.7 7.688 0.342 0.753
138.5 139.6 2.548 0.407 0.424
136.6 138.1 3.164 0.055 0.091
64.6 633 2.524 0.931 0.991
18.3 18.1 0.433 0.761 0.181
4.96 4.86 0.118 0.750 0.957
6.71 6.66 0.109 0.526 0.161
449 435 0.122 0.335 0.256
9.93 9.56 0.270 0.222 0.950
10.58 10.58 0.108 0.972 0.688
452 436 0.082 0215 0.773
524 5.19 0.088 0.163 0.760
10.7° 14.1° 1122 0195 0.039
59.5" 613" 1.763 0.028 0.639
249 253 0.093 0.825 0.615
2,68 2.82 0.304 0.721 0.307
0.60 0.63 0.022 0.493 0.457
1.24 1.19 0.112 0.319 0.510
429 4.82 0.243 0.779 0759

et al, 2021), it should be noted that different methods of
application could account for variation in their modes of
action and ameliorative activities. This could be the reason
why there are inconsistent results reported in literature
regarding their effectiveness in improving poultry performance.

The evaluation of blood parameters is critical in determining
the impact of untreated and PEG- and fibrolytic enzyme-
pretreated MOLM on the pathophysiological and health status
of the birds (Saki et al., 2017). Because dietary MOLM contains
antinutritional components such as condensed tannins and
insoluble fibers, it was expected that their inclusion at a rate of
100 g/kg would have a negative impact on hematological and
biochemical parameters. However, the selected blood indices
measured in this study revealed that untreated and PEG- and
enzyme-treated MOLM had no effect on the birds’
pathophysiology and health status, with all the blood values
falling within the values reported for healthy quail (Mbhele et al.,
2019; Mahlake et al., 2021). The lack of negative effects suggests
that higher dietary inclusion levels of MOLM do not
compromise the well-being of Jumbo quail. Indeed, Cafedo-
Castro et al. (2019) reported that serum biochemical indices
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TABLE 6 Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and fibrolytic enzymes on breast meat quality

parameters in Jumbo quail.

*Parameters 'Diets *SEM P values

T1 T2 T3 T4 T5 T6 Linear Quadratic
I-hour post-slaughter
pH,; 6.09 6.20 6.23 5.95 6.16 6.21 0.066 0.707 0.405
Temperature; (°C) 18.80 19.9 19.8 16.8 18.7 18.7 1.963 0.871 0.970
L* 45.9 46.1 45.8 45.0 453 46.4 1.063 0.392 0.280
a* 8.57 8.37 8.23 9.80 8.52 8.63 0.634 0.917 0.750
b 5.00 4.61 5.32 4.89 5.02 4.78 0.380 0.396 0.381
Chroma, 10.00 9.61 9.88 10.9 9.96 991 0.541 0.867 0.496
Hue angle; 0.54 0.50 0.58 0.46 0.53 0.50 0.052 0.464 0.693
24 hours post-slaughter
pHas 6.48 6.34 6.19 6.33 6.23 6.28 0.085 0.516 0.663
Temperature,, (°C) 12.5 13.2 12.2 11.7 11.9 114 0.947 0.064 0.666
L*, 42.6 42.7 42.6 42.7 42.1 429 0.789 0.677 0.669
a*y 10.3 9.43 10.1 10.6 11.4 10.8 0.554 0.053 0.780
b 6.98 6.28 6.30 6.57 6.42 6.26 0.311 0.484 0.994
Chroma,, 12.2 11.8 11.8 12.5 13.1 12.5 0.516 0.113 0.784
Hue angle,, 0.59 0.58 0.55 0.55 0.51 0.52 0.032 0.406 0.824
Cooking loss (%) 385 322 41.8 345 39.8 41.1 4.992 0.107 0.224
Drip loss (%) 45.5 45.1 46.9 46.2 44.7 48.6 2.245 0.353 0.621
WHC (%) 91.8 90.3 90.7 89.4 90.4 90.0 1.306 0.861 0.512

*> Means in the same row with different superscripts indicate statistical difference (P < 0.05).
'Diets: T1 = a standard grower diet containing untreated 10% MOLM; T2 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG; T3 = a standard grower diet
containing 10% MOLM pre-treated with 5.4% PEG and 1.25% fibrolytic enzymes; T4 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.50% fibrolytic
enzymes; T5 = a standard grower diet containing 10% MOLM pre-treated with 5.4% PEG and 1.75% fibrolytic enzymes; and T6 = a standard grower diet containing 10% MOLM pre-treated

with 5.4% PEG and 2% fibrolytic enzymes.

Parameters: L* = lightness; a* = redness; b* = Yellowness; WHC = water holding capacity.

SEM = standard error of the mean.

provide useful information on the health and nutritional status
of animals fed non-conventional feed ingredients. This further
indicates that the Jumbo quail did not suffer from nutritional
deficiencies. Moreover, liver enzymes such as ALKP and ALT
were unaffected signifying that the birds did not suffer from diet-
induced toxicosis (Bona et al., 2018).

Changes in gastrointestinal morphology associated with
variation in the concentration of dietary fiber have been reported
(Jha et al, 2019). Supplementation with fibrolytic multi-enzyme
tended to reduce the fiber content of the diets, which could explain
the linear decrease in the lengths of small intestines. The negative
quadratic response observed for caecum length could also point to
the ineffectiveness of the enzyme to improve fiber utilization by the
birds. No dietary influences were observed on the sizes of liver,
gizzard, and proventriculus, which was also surprising given that
the diet containing untreated MOLM tended to contain high levels
of fiber and condensed tannins. The profitability of poultry
production has been strongly related to the improvements in
carcass yield and composition. Thus, understanding factors that
affect carcass characteristics is important for the success of any
poultry enterprise. Unfortunately, knowledge of such factors in
quail birds is limited (Dyubele et al., 2010). The supplementation
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with PEG and enzymes had no effect on carcass parameters, which
is consistent with the findings of Alefzadeh et al. (2016) and Taheri
and Shirzadegan (2017), who reported no significant differences in
carcass traits of broilers reared on diets supplemented with
exogenous enzymes.

The appearance, texture, and sensory characteristics of
poultry and other meat products all contribute to their overall
consumer acceptability (Muchenje et al., 2009; Yu et al.,, 2017).
The color of the meat is the most important indicator when
consumers buy meat products and is the major factor that affects
consumer acceptance of the meat (Muchenje et al., 2009).
Consumers tend to reject the products based on color
variations from the expected norm. However, no color
variations were observed in all the treatment groups,
suggesting that PEG and fibrolytic enzymes do not affect the
appearance of the meat. Meat pH is primarily related to the
biochemical state of the muscle at the time of slaughter, resulting
in the onset of rigor mortis (Ding et al., 2022). Chan et al. (2011)
discovered a correlation between the pH of the meat and its
color, with lighter meat indicating low pH, while dark meat
indicating a high pH value. Kralik et al. (2018) reported that low
pH in broiler meat stimulates the oxidation of myoglobin
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(pink color) and oxyhemoglobin (red color) to metamyoglobin
(brown meat color). However, the dietary treatments in this
study had no effect on meat pH, which further confirm that the
addition of PEG and enzymes does not alter post-mortem pH.
Water holding capacity refers to the ability of the meat to retain
water when external forces such as cutting, grinding, and
pressing are applied (Bowker and Zhuang, 2015). The degree
of water lost or retained depends mainly on the pH of the tissue
for example a higher pH will result in less water loss, while a
lower pH value would determine the amount of water retained
by the meat (Warner, 2017). When the pH is low in chicken
meat it will lead to protein denaturation, which will further
reduce the WHC of the meat (Singh and Deshpande, 2018).
Thus, the lack of dietary differences on meat pH could explain
why the meat had similar water-binding potential. Indeed, no
differences were observed on cooking loss and drip loss, which
further indicate that PEG and enzyme supplementation do not
compromise the organoleptic (juiciness, tenderness, texture,
smell and color) and sensorial qualities (Maison et al., 20165
Choi et al., 2019) of quail meat.

Conclusion

Pre-treatment of dietary M. oleifera leaf meal with 5.4% PEG
and up to 2% fibrolytic enzymes do not improve live
performance, blood, carcass and meat quality parameters, but
affects some visceral organ sizes in Jumbo quail. In addition, an
optimum could not be determined using the growth
performance data, indicating a need to investigate levels
beyond 2.0% of the fibrolytic enzyme to generate non-linear
responses. Information on M. oleifera leaf meal treated with
polyethylene glycol and fibrolytic enzymes is limited thus further
studies are required.
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