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Abstract

The effects of feeding diets containing sunflower and wheat middlings pre-treated with fibre-
degrading enzymes were investigated. Based on hatch body weight (BW), 288 Ross-708 male broiler
chicks were placed in cages (six birds/cage). Diets were: 1) positive control (PC), a maize-soybean
positive control; 2) negative control (NC), PC plus untreated sunflower meal (USM) and wheat middlings
(UWM); and 3) four test diets in which USM and UWM were replaced with pre-treated sunflower (TSM)
and wheat middlings (TWM) at 25% (NC25), 50% (NC50), 75% (NC75) and 100% (NC100). The pre-
treated feedstuffs were mixed with 1% of FDE in a ratio of 1:2 w/w for feedstuff:water and incubated for
24 hours at 40 °C, and oven-dried before feed preparation. Diets were formulated for two phases
(starter, 0-21 d) and finisher (22—42 d). Diets were allocated in a completely randomized design (eight
replicates per diet) and birds had free access to feed and water. Bodyweight (BW) and feed intake (FI)
were monitored by phase, and one bird per cage was sacrificed on days 21 and 42 for samples. The
BW and BW gain (BWG) of NC up to NC50 were not different relative to PC, but NC75 and NC100 were
lower than PC throughout the study. On day 21, liver weight had increased linearly and on day 42, tibia
length and diameter linearly decreased with the inclusion of TSM and TWM. In conclusion, TSM and
TWM at low levels did not affect performance while high inclusion levels reduced the performance of
the broilers.
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Introduction

Agricultural by-products, such as those from sunflower seed meal and wheat processing, are
abundant. They have been explored as the alternative source of protein and energy to replace a portion
of soybean meal and maize, respectively (Alshelmani et al., 2021). The main challenges with using non-
conventional feedstuffs are the anti-nutritional factors, such as non-starch polysaccharides (NSPs)
(Mbukwane et al., 2022). The inclusion of ingredients that are high in dietary fibre in broiler chicken
diets has been associated with gut health and growth performance problems (Hamedi et al., 2012).
Feed enzymes such as phytase, carbohydrase, and proteases have been widely researched and used
as additives to degrade anti-nutritional factors and other substances that are not digested by
endogenous enzymes (Adeola & Cowieson, 2011; Godoy et al., 2018; Kiarie et al., 2018). Raza et al.
(2009) supplemented broiler chicken diets containing 10% sunflower meal and 6% crude fibre with
multienzymes, and broiler performance was improved relative to a negative control. In another study
where grower and finisher broilers were fed diets with sunflower meal inclusion and supplemented with
enzymes (xylanase, cellulase, and B-glucanase), the growers were more responsive than the finishers
(Horvatovic et al., 2015). Wheat middlings can be included up to 30% in both broiler and layer chicken
diets without affecting their performance (Ahmadi & Amini, 2014; Abudabos, 2016). However, these
enzymes encounter physiological limitations inside the poultry gut, thus reducing their efficacy
(Ravindran, 2013). To maximize enzyme efficacy, researchers are now focusing on pre-treating these
fibrous materials outside the bird. For example, Pedersen et al. (2015) used xylanases with or without
proteases to pre-treat maize dried distiller's grains with solubles (DDGS) and wheat DDGS, and they

URL: http://www.sasas.co.za
ISSN 0375-1589 (print), ISSN 2221-4062 (online)
Publisher: South African Society for Animal Science http://dx.doi.org/10.4314/sajas.v52i6.09


mailto:ekiarie@uoguelph.ca

Muchiri et al., 2022. S. Afr. J. Anim. Sci. vol. 52

showed that the enzymes were able to increase the solubilization of crude protein and mono-sugars.
Sathitkowitchai et al. (2018) also pre-treated palm kernel cake with 500 units of B-mannanase and
showed an increase in protein solubilization and mono-sugars.

Most of the available data has focused on the inclusion of a single, untreated, high dietary fibre
ingredient in broiler chicken diets, but with the increasing shortage of conventional ingredients, poultry
nutritionists, especially in developing countries, will find themselves being forced to include more than
one agricultural by-product in feed formulations. Most of the enzymatic pre-treatment studies have only
been conducted in vitro. The novelty of the current study was that two ingredients high in dietary fibre
were enzymatically pre-treated and used to replace untreated ingredients in practical broiler chicken
diets. To investigate the effects of pre-treatment, a negative control (NC) diet with higher neutral and
acid detergent fibre when compared with the positive control (PC), and four test diets with different
inclusion levels of pre-treated ingredients, were formulated. It was hypothesized that pre-treatment
would restore the performance of the negative control to that or better than the PC.

Materials and Methods

The guidelines established by the Canadian Code of Practice for the Care and Use of Animals
for Scientific Purposes were followed (CCAC, 2009). The University of Guelph Animal Ethics Committee
research approved the broiler study, and animal trials were conducted at the University of Guelph, Arkell
Poultry Research Station (license number 4403).
Wheat middlings (UWM) were obtained from Floradale Feed Mill Limited (Floradale, ON, Canada) and
sunflower meal (USM) from Persall Fine Foods Co. (Waterford, ON, Canada). Both products were used
without any further processing. Wheat middlings (UWM) and sunflower meal (USM) were pre-treated
separately by mixing with enzyme cocktails (at the rate of 1% w/w) made of xylanase/cellulase/3-
glucanase for UWM and cellulase/B-glucanase/B-mannanase and pectinase for USM. This was then
mixed with tap water in a ratio of 1.2 (Water: UWM/USM). The enzyme inclusion rate was based on the
manufacturer's recommendations. The wet mixture was then incubated for 24 h at 40 °C in an incubator
shaker (Controlled Environment Incubator Shaker, New Brunswick Scientific, Enfield, CT) without
shaking, but hand-mixed using a wooden spatula three times within 24 h. The pre-treated product
(treated wheat middlings (TWM) and treated sunflower meal (TSM)) was then oven-dried at 65 °C for
three days. This procedure was repeated until enough material was obtained for experimental diet
formulation. The enzyme target activity was 60,000 u/g xylanase, 8,000 u/g glucanase, 38,000 u/g
cellulase for wheat middlings; and 40,000 u/g glucanase, 45,000 u/g cellulase, 12,000 u/g B-mannanase
and 25,000 u/g pectinase for sunflower meal. All the enzymes were obtained from Canadian Bio-
Systems, Calgary, Canada (Rho et al.,, 2020). These pre-treatment conditions were optimized and
previously validated (Rho et al., 2020).

Six dietary treatments were formulated to meet or exceed the NRC nutrient requirements for
broiler chickens (NRC, 1994). Birds were fed in two phases: starter (0—21 d) and finisher phase (21-42
d). The ingredient specifications were obtained from the INRA feed tables (INRA CIRAD AFZ, 2022).
The diets were: Treatment 1) PC, a maize-soybean positive control; Treatment 2) NC (negative control),
PC plus inclusion of untreated sunflower meal (USM) and wheat middling (UWM); and Treatments 3—
6) four test diets in which USM and UWM were replaced with pre-treated sunflower (TSM) and wheat
middlings (TWM) at 25% (NC25), 50% (NC50), 75% (NC75), and 100% (N100) (Table 1). The NC and
TD were formulated to have a low nutrient density with a lower AMEn. The metabolisable energy (ME)
of the negative control (NC) and test diets was reduced by 80 kcal/kg and 150 kcal/kg in the starter and
finisher phases, respectively, against the PC. This reduction was done by hypothesizing that pre-
treatment would unlock fibre-bound nutrients in SM and WM, which would enable the birds to utilize
them, thus restoring the performance of test diets to that of the PC. The NC was expected to perform
poorly. All diets were formulated based on equal, total, standardized ileal digestible amino acids (AA).
To meet phosphorous requirements, all diets were supplemented with phytase (750 FTU/kg) obtained
from CBS Bio Platform Inc. (Alberta, Calgary, Canada).

A total number of 288 Ross-708-day-old male broiler chicks were purchased from a local
hatchery (Maple Leaf Foods, New Hamburg, ON, Canada), weighed, and placed in cages (six birds per
cage). The trial was conducted in two phases: starter (0—21 d) and finisher phases (21-42 d). The cages
were housed in a temperature and light-regulated room. The temperature was maintained at 32 °C for
the first 7 d and then gradually reduced by 3 °C on a weekly basis to 24 °C for the first 3 w, then
maintained at this temperature until the end of the experiment, while the lighting was maintained at 17
h light for the entire trial period. The six diets were allocated to cages in a completely randomized design
to give eight replicates per diet. Birds had free access to feed and water throughout the trial.
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Feed intake and body weight of the chicken were determined on days 21 and 42 for
calculating body weight gain (BWG) and feed conversion ratio (FCR). Mortality was recorded as it
occurred and used to calculate the corrected-FCR. One bird per cage was randomly selected and
sacrificed by cervical dislocation on days 21 and 42 for organ weight and tibia sample collection.

Before analyses, the samples (ingredients and mixed feed) were ground using a coffee grinder

(CBG5 Smart Grind, Applica Consumer Products, Inc., Shelton, CT). Gross energy (GE), AA, and crude
fat were determined at the University of Guelph, whereas dry matter (DM), starch, crude protein, neutral
detergent protein, soluble crude protein, neutral detergent fibre, acid detergent fibre, ash, calcium, and
phosphorous were determined in a commercial lab (SGS Canada Inc., Agricultural Services Agri-Food
Laboratories, Guelph, ON, Canada). An adiabatic bomb calorimeter was used to determine gross
energy (IKA Calorimeter System C 6000; IKA Works, Wilmington, NC). The dietary particle size was
analysed using US sieves and a pan stuck together in ascending order of numbers 6, 8, 12, 16, 20, 30,
40, 50, 70, 100, 140, 200, 270.

The cage was the experimental unit. The data was analysed using the PROC GLIMIXX of SAS
v9.4 with diet as the fixed factor in the model.
The linear statistical model used was:

YL-]-=,u+0(+€l-j (1)

where: Yij= observations recorded such BWG, BW, FI, FCR; y = overall population mean; a = treatment
effect; €j = random error effect associated with observations recorded.

Least Square Means were separated using Tukey’s test, while pre-planned orthogonal and
polynomial contrast statements were used to compare the performance of NC against PC (PC vs NC),
and the response of diets containing the test feedstuffs. The level of statistical significance was pre-set
at P <0.05.

Results and Discussion

The ingredient analysis results are presented in Table 2. Relative to untreated sunflower
meal, pre-treated sunflower meal (TSM) had more gross energy, less starch, less crude fat, more crude
protein, more neutral detergent protein, less soluble crude protein, more neutral detergent fibre (NDF)
and more acid detergent fibre (ADF). It was expected that enzymatic pre-treatment of sunflower meal
would increase soluble protein and reduce neutral detergent protein and NDF relative to untreated
sunflower meal, but the opposite happened. Although the current study did not analyse for Maillard
reaction products, when ingredients rich in free amino acids (especially lysine and carbohydrates) are
thermally processed, they react with mono-sugars to form complex products known as Maillard reaction
products (Teodorowicz et al., 2018). The solubilised crude protein in the current study might have been
involved in Maillard reactions. When Almeida et al. (2014) autoclaved sunflower meal at 130 °C, the
analysed neutral detergent fibre (NDF) and acid detergent fibre (ADF) increased. The Maillard reaction
products are captured as part of the NDF during laboratory analysis (Oliveira et al.,2021). This explains
the observed increase in NDF in pre-treated sunflower meal (TSM) in the current study. When Knipfel
et al. (1983) heated alfalfa, heating led to an increase in NDF and nitrogen content in NDF and ADF. In
the current study, relative to untreated wheat middlings, pre-treated wheat middlings (TWM), had more
gross energy, starch, crude fat, and crude protein, less neutral detergent protein, more soluble crude
protein, less NDF, and less ADF. These results indicate that enzymatic pre-treatment of wheat
middlings was effective in solubilizing trapped crude protein and hydrolysing non-starch
polysaccharides. The analysis of both pre-treated sunflower meal (TSM) and pre-treated wheat
middlings (TWM) after freeze-drying indicated an increase in crude protein, soluble protein, and a
reduced NDF relative to untreated SM and WM (data not shown). It can therefore be hypothesized that
it is oven-drying that affects the nutritional composition of TSM negatively.
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Table 1 Composition of experimental diets?, as-fed basis
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Ingredients, % Cost/kg US$ Starter (days 0-21) Finisher (days 21-42)
NC NC NC NC NC NC NC NC
PC~ NC g 50 75 100 PC NC g 50 75 100
Maize 035 63.6 532 532 532 532 532 66.2 48.9 489 489 489 489
Soybean meal 46% 112 24 16.4 164 164 16.4 16.4 231 128 12.8 128 12.8 128
Wheat middlings 028 - 10 75 5 25 - 0 185 139 93 46 -
Treated wheat 03 - - 25 5 75 10 0 0 46 93 139 185
middlings
Soy oil 148 3 35 35 35 35 35 33 45 45 45 45 45
Sunflower meal 0.31 - 7.5 5.6 3.8 1.9 - - 8 6 4 2 -
Hg:lte‘j sunflower 035 - - 19 38 56 75 - ; 2 4 6 8
Fish meal 138 15 15 15 15 15 15 - - - - - -
Pork meal 043 5 5 5 5 5 5 5 5 5 5 5 5
phytase 001 001 001 0.01 001 001 0.01 0.01 0.01 001 0.01 001 0.01
L-Lysine HCL 286 0.32 044 044 044 044 0.44 013 03 03 03 03 03
DL-Methionine 552 0.15 0.15 0.15 0.15 0.15 0.15 02 02 02 02 02 02
Threonine 295 0 0.02 0.02 0.02 0.02 0.02 - - - - - -
Tryptophan 181 0 0.01 0.01 001 0.01 0.01 0 0.01 0.01 0.01 001 0.01
Limestone 0.06 046 043 043 043 043 0.43 0.37 0.33 033 0.33 033 0.33
Monocalcium 138 074 063 063 063 063 0.63 061 042 042 042 042 042
Sodium chloride 023 04 044 044 044 044 0.44 032 032 032 032 032 032
Vitamin and trace 286 05 05 05 05 05 05 05 05 05 05 05 05
Titanium dioxide 03 03 03 03 03 03 03 03 03 03 03 03
TOTAL 100 100 100 100 100 100 100 100 100 100 100 100
Cost/tonne US$ 623 564 566 567 568 §69- 601 523 525 527 528 §30-
Calculated nutrients
AMER, Mcal/kg 296 2.88 288 2.88 288 288 299 284 284 284 284 284
CP, % 20 195 195 195 195 195 187 181 181 181 181 180
SID Lys, % 122 119 119 119 1.19 1.19 099 096 096 0.96 096 0.96
SID Met, % 045 04 04 04 04 04 0.48 0.46 0.46 0.46 0.46 0.46
SID Met + Cys, % 075 075 075 0.75 0.75 0.75 077 072 072 072 072 0.72
SID Thr, % 0.88 0.67 067 0.67 067 0.67 0.86 0.84 084 0.84 084 084
SID Trp, % 0.2 016 0.16 0.16 0.16 0.16 0.18 0.18 0.18 0.18 0.18 0.18
Ca, % 096 096 096 0.96 096 0.96 0.84 0.84 084 084 084 0.84
Available P, % 0.48 0.48 0.48 0.48 0.48 0.48 0.42 042 042 042 042 042
Na, % 021 0.6 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Cl, % 029 0.6 0.16 0.16 0.16 0.16 021 023 023 023 023 0.23

1PC; maize-soybean based positive control; NC, PC plus untreated sunflower meal (USM) and untreated wheat middlings
(UWM); NC25, NC with USM & UWM replaced with 25% of treated sunflower meal (TSM) and 25% of treated wheat middlings
(TWM), respectively; NC50, NC with USM & UWM replaced with 50% of TSM and 50% of TWM, respectively; NC75, NC with
USM & UWM replaced with 75% TSM and 75% TWM, respectively; NC100, NC with USM & UWM replaced with 100% TSM
and 100% of TWM, respectively
2Provided per kg of premix: vitamin A (retinol), 880 KIU; vitamin Dz (cholecalciferol), 330 KIU; vitamin E, 4,000 IU; vitamin Kz
(menadione), 330 mg; vitamin B (thiamine), 400 mg; vitamin B2 (riboflavin), 800 mg; vitamin Bs (niacin), 5,000 mg; vitamin Bs
(pantothenic acid), 1,500 mg; vitamin Be (pyridoxine), 300 mg; vitamin By (folic acid), 100 mg; vitamin B12 (cyanocobalamin),
1200 mcg; biotin, 200 mcg; choline, 60,000 mg; Fe, 6000 mg; Cu, 1000 mg; I, 1 mg, Se, 30 mg.

30btained from the Kenyan feed market at the time of study
4 Calculated nutrient values
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Table 2 Analysed composition of enzyme-treated and untreated ingredients, on a dry matter basis

Item Sunflower Wheat middlings Maize i(()ayatl)ean Fishmeal malﬁ
Untreated Treated Untreated  Treated

Gross energy, kcallkg 5016.54  5211.04 4699.32  4791.10 454472 4808.17 4429.04  4938.71
Starch 1.07 1.01 18.76 19.45 64.46 1.86 0.15 0.81
Crude fat, % 13.45 11.26 2.96 4.49 1.97 1.23 3.87 12.37
Crude protein, % 28.72 32.48 19.40 21.39 8.98 51.42 65.66 61.18
Neutral detergent protein, % 2.64 4.35 4.37 2.87 1.06 4.07 - -
Soluble crude protein, % 22.13 18.00 9.02 14.84 1.63 9.59 - -
Neutral detergent fibre, % 29.33 32.90 40.43 28.54 9.29 6.92 35.32 35.27
Acid detergent fibre, % 21.06 23.81 13.55 11.31 2.23 - - -

Analysis of the treatment diets is in Table 3. Compared with the PC, negative control diets had more gross energy,
less starch, less crude protein, more crude fat, and more NDF in both the starter and finisher diets. The mean
diameter * standard deviation for PC, NC, N25, N50, N75, and N100 starter diet particle size was 300 + 7.91,
300.43 +7.09, 290.78 + 9.23, 296.91 £ 10.47, 303.08 + 5.9, and 296.95 + 6.11 um, respectively; their geometric
mean diameter (GMD) * standard deviation was 861.83 + 1.90, 858.79 + 1.83, 762.85 + 2.01, 680.54 + 2.07,
842.79 =+ 1.73, and 830.91 + 1.76 ym, respectively. The mean diameter + standard deviation for PC, NC, N25,
N50, N75, and N100 finisher diet particle size was 289.93 + 10.02, 299.2 + 8.1, 297.47 + 5.89, 311.21 + 6.57,
293.26 + 6.21, and 302.95 + 6.98, respectively; their geometric mean diameter + standard deviation was 678.14
+2.05,735.25+1.90,864.11 +1.74, 784.69 + 1.77, 784.57 £ 1.77, and 856.51 + 1.82, respectively. According to
Nir et al. (1994), young broiler chickens fed diets in mash form require feed with a GMD of 700—900 um for optimal
performance. All diets in the current study were in this range.

Table 3 Analysed composition of experimental diets?, on a dry matter basis

Starter (days 0-21) Finisher (days 22-42)

Item (%) PC NC NC 25 NC NC 75 NC PC NC NC25 NC50 NC75 NC
50 100 100

Gross energy,

kcal/kg 4595.5 4709.9 4490.4 4759 4729.6 4674.2 4587.1 4745.2 4872.3 4759.3 4825.2 4835.8

Starch, 45 39.2 36.8 36.1 35.7 38.5 47.1 37.5 36.8 36 355 34.7

Crude protein 23.4 22.1 23.2 22,5 22.4 22.9 21.9 20.7 21.2 21.5 21.8 21.6

Crude fat 4.5 6.7 8.1 8.1 6.9 8.7 5.6 9 9 9.1 9.4 9.5

Neutral detergent 8.4 13.1 13.8 13 13.3 12.8 8.3 16.9 16.6 16.7 13.7 14.9

fibre

Mean diameter + 300.0 + 300.4 + 290.8+ 2969+ 3031+ 2970+ 2899+ 2992+ 2975+ 3112+ 2933+ 3030+

standard deviation 7.9 7.1 9.2 10.5 5.9 6.1 10.0 8.1 5.9 6.6 6.2 7.0

geometric Mean 861.8+ 8588+ 7629+ 6805+ 8428+ 8309 % 678.1+ 7353+ 864.1+ 7847+ 7846+ 8565 %

diameter + 1.9 1.8 2.0 21 1.7 1.8 2.1 1.9 17 1.8 1.8 1.8

standard deviation

1PC; maize-soybean based positive control; NC, PC plus untreated sunflower meal (USM) and untreated wheat middlings
(UWM); NC25, NC with USM & UWM replaced with 25% of treated sunflower meal (TSM) and 25% of treated wheat middlings
(TWM), respectively; NC50, NC with USM & UWM replaced with 50% of TSM and 50% of TWM, respectively; NC75, NC with
USM & UWM replaced with 75% TSM and 75% TWM, respectively; NC100, NC with USM & UWM replaced with 100% TSM
and 100% of TWM, respectively
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Relative to PC, the NC orthogonal contrast BW and BWG was lesser throughout the study (P <0.001), but FI was
not different (P 20.064) (Table 4). The reason as to why the BW and BWG were different despite their FI being not
different is due to high crude fibre in NC, and the birds were unable to utilize the extra crude fibre. The NC had
4.39% more NDF than PC (Table 3). The current study was designed such that the NC and test diets were deficient
in energy (80 kcal/kg in starter and 150 kcal/kg in finisher diets) relative to the respective PC diets (Table 1) to
determine whether birds would increase their feed intake to compensate; however, there seems to be a
physiological limitation in intake capacity. This agrees with Tejeda & Kim (2020), who observed similar FI between
the control and a high fibre diet (8% soy hulls), despite the two diets being isonitrogenous and isocaloric. Diets
with soluble fibre increase gut viscosity and reduce feed movement rate and performance thus reducing FI (Kiarie
et al., 2014; Perera et al., 2019). The NC feed conversion ratio (FCR) was higher during the starter phase (P =
0.005), while during the finisher and the overall period, it was not different from PC (P =0.116). The observed
starter phase FCR can be due to the young birds being unable to utilize the high dietary fibre due to physiological
limitations. In the current study, inclusion of pre-treated sunflower (TSM) and wheat middlings (TWM) in the test
diets at higher levels (NC75 and NC100) linearly reduced BW and BWG throughout the study (P <0.001) but did
not affect their FI (P 20.213) relative to PC and NC. The reduction in BW and BWG, especially at the high inclusion
rates of the pre-treated ingredients (NC75 and NC100), can partly be attributed to 1) the reduced soluble protein
in pre-treated sunflower meal, which might have caused an amino acid imbalance; 2) although non-significant,
NC75 and NC100 consumed 9.29% (21-42 d) and 10.82% (0-42 d) less when compared with PC, respectively;
and 3) enzymatic pre-treatment of sunflower meal and wheat middlings led to an increased solubilization of xylose,
as TWM and TSM had 59.44 and 29.40 ymol/ml of xylose, respectively, and 4 ymol/ml arabinose in TWM. Xylose
and arabinose have been shown to reduce broiler chicken performance, as they are directly absorbed in the small
intestine, where they affect glucose and lipid utilization by the liver (Regassa et al., 2017). The test diets in the
starter phase and overall FCR showed a linear increment with increased inclusion of TSM and TWM, an indication
that these pre-treated ingredients were not utilised by the broiler chickens. As C-5 sugars, xylose and arabinose
would only be beneficial to the broiler chicken if fermented to organic acids in the ceca.

The NC and test diets had 16.35% maize and 31.67% of soybean replaced with cheaper SM and WM and the
mean performance of NC, NC25 and NC50 was not different (P >0.05) compared with PC (Table 5), which showed
that use of NC and our test diets up to NC50 could save costs for a farmer. The price of starter diets was 623.4,
564.3, 565.6, 567.2, 568.1, and 569.4 USD/ton for PC, NC, NC25, NC50, NC75, and NC100, respectively. The
corresponding prices for finisher diets were 601.4, 522.7, 524.6, 526.8, 528.4, and 530.3 USD/ton, respectively
(based on ingredient prices in Nairobi at the time of the study). The treated ingredients were given a 10% premium
value over the untreated. Compared with PC, the test diets were the cheapest throughout the study (P <0.003).
The N50 BWG/Kkg FI was cheaper during the starter phase (P = 0.020); NC and NC25 were cheapest during the
finisher phase and overall study period (d0—42) (P <0.001); cost/kg FI performance of NC, NC25, and NC50
throughout the trial were not different (P >0.05) (Table5). Therefore, NC and N25 could be economically integrated
into the feed formulation for the BW gain comparable to PC. The by-products used in the current study are also
readily available all year round and in large quantities in most developing countries (Alshelmani et al., 2021;
Mbukwane et al., 2022)

While the efficacy of any feed enzyme is based on performance data obtained from feeding trials (Aftab
& Bedford, 2018), it is important to note that pre-treatment has been shown to improve digestibility in in vitro
studies. For example, pre-treatment of maize—soybean-based diets with probiotics and subsequently, oven drying
and pelleting them, has been shown to work and improve growth performance (Yeh et al., 2018). Therefore, more
research is needed to develop an optimum heat processing standard for different pre-treated, non-conventional
ingredients as our study has suggested that oven drying of TSM and TWM at 65 °C reduces their nutritional value,
thus affecting broiler performance.
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Table 4 Growth performance of broiler chickens fed maize—soybean meal-based diets with pre-treated sunflower meal and wheat middlings
Response of treated

Treatments! Overall feedstuffs Contrast
Item PC NC NC25 NC50 NC75  NC100 SEM P-value Linear Quadratic Z‘é vs.
Bodyweight (g/bird)
do 42.7 42.8 42.6 43 42.4 43 0.17 0.178 0.553 0.301 0.391
d21 814.32 774.6" 767.2ba 768.3ba 707.2° 706.1° 16.3 0.001 <0.001 0.296 <0.001
d42 2,609.12  2,462.0°@ 2,377.3ba¢ 2 393.8Pac 2 2282bc 2 161.2¢ 61.6 <0.001 <0.001 0.359 <0.001
Bodyweight gain (g/bird)
do0-21 771.62 731.7b2 724.6bac 725.4bac 664.90C 663.1°¢ 16.2 0.001 <0.001 0.3 <0.001
d21-42 1,789.68 1,687.4% 1,614.0ha 1,625.4ba 1,518.1b¢ 1,449.0° 46.7 0.001 <0.001 0.463 <0.001
d 0-42 2,561.12 2,419.22 2,338.6°2@2 2,350.8°2 2,183.0b¢ 2,112.1°¢ 52.8 <0.001 <0.001 0.334 <0.001
Feed intake (g/bird)
do0-21 1,100.8 1,118.7 1,084.1 1,106.9 1,095.6 1,061.4 24 0.635 0.157 0.364 0.253
d21-42 3,054.7 3,038.2 2,772.4 3067.3 2,872.3 2,709.3 128.5 0.217 0.036 0.528 0.064
d 0-42 4,1554  4,156.9 4,174.2 3967.9 3,770.8 3,856.5 142.9 0.213 0.303  0.558 0.147
FCR
d0-21 1.43° 1.54b2 1.5002 1.52b2 1.672 1.60°2 0.04 0.005 0.081 0.101 0.005
d21-42 1.71 1.8 1.73 1.89 1.94 1.94 0.1 0.409 0.303 0.486 0.116
d 0-42 1.62 1.72 1.72 1.73 1.72 1.81 0.05 0.151 0.039 0.48 0.181

SEM-standard error of means, BW-Body weight, BWG-Body weight gain, Fl-feed intake, FCR-feed conversion ratio

Values within a row without a common superscript differ significantly by LS means at 5% probability

1PC; maize—soybean based positive control; NC, PC plus untreated sunflower meal (USM) and untreated wheat middlings (UWM); NC25, NC with USM & UWM replaced
with 25% of treated sunflower meal (TSM) and 25% of treated wheat middlings (TWM), respectively; NC50, NC with USM & UWM replaced with 50% of TSM and 50% of
TWM, respectively; NC75, NC with USM & UWM replaced with 75% TSM and 75% TWM, respectively; NC100, NC with USM & UWM replaced with 100% TSM and 100%
of TWM, respectively
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Table 5 The economic analysis of cost of feed intake and cost of body weight gain per kilogram of feed intake

Final Feed

Starter Finisher Overall BW, kg cost/

Treatments®  Starter Finisher Overall Feed f Feed kg
eed cost )
cost cost live
BW
Fl, kg/bird Fl, kg/bird Fl, kg/bird _ $/bird $/bird $/bird kg/bird

PC 1.10 3.05 4.16 0.692 1.842 2.522 2.562 0.97
NC 1.12 3.04 4.16 0.63P2  1.59P2 2.22ba 2.422 0.90
NC25 1.08 2.77 4.17 0.63° 1.6102 2.23ba 2.34ba 0.93
NC50 1.11 3.07 3.97 0.62° 1.51° 2.13° 2.35ba 0.89
NC75 1.10 2.87 3.77 0.60° 1.43° 2.03° 2.18b¢ 0.92
NC100 1.06 271 3.86 0.62° 1.47° 2.09° 2.11¢ 0.97
SEM 0.02 0.13 0.14 0.14 0.07 0.08 52.8 0.03
P-value 0.635 0.217 0.213 0.003 0.002 <0.001  <0.0001 0.284

Prices were obtained from the Kenyan market on 21 March, 2022

SEM-standard error of means

Values within a column without a common superscript differ significantly by LS means at 5% probability

1PC; maize-soybean based positive control; NC, PC plus untreated sunflower meal (USM) and untreated wheat middlings
(UWM); NC25, NC with USM & UWM replaced with 25% of treated sunflower meal (TSM) and 25% of treated wheat middlings
(TWM), respectively; NC50, NC with USM & UWM replaced with 50% of TSM and 50% of TWM, respectively; NC75, NC with
USM & UWM replaced with 75% TSM and 75% TWM, respectively; NC100, NC with USM & UWM replaced with 100% TSM
and 100% of TWM, respectively

Relative to PC, NC spleen, bursa, gizzard, and small intestine weights were not different throughout the
study (P >0.05). This shows that untreated sunflower meal and wheat middlings had no effect on broiler chicken
organ weights. On day 21, relative to PC, the gizzard, spleen, and bursa weights on the test diets were not different
(P =0.074). However, the liver and small intestine weights increased linearly with the inclusion of pre-treated
sunflower meal (TSM) and wheat middlings (TWM) (P = <0.017). On day 42, the gizzard, liver, spleen, and small
intestine weights on the test diets were not different when compared with PC (P 20.073), while the breast muscle
of the test diets was heavier than the PC (P = 0.044). The increased liver weight in the test diets can be attributed
to a higher concentration of xylose and arabinose in TSM and TWM. Inclusion of these mono-sugars in broiler
chicken diets has been shown to affect liver hepatic cells, leading to its enlargement (Regassa et al., 2017). The
linear increase in the relative weight of the intestine can be due to the fact that the test diets were lower in nitrogen
corrected apparent metabolizable energy (AMEn) when compared to PC, and the birds might have responded to
this energy deficiency by increasing their mucosal surfaces. Réhe et al. (2020) showed that when dual- purpose
laying hens were fed a high dietary fibre diet 2 MJ/kg lower that the control, they responded by increasing their
mucosal surface area.
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Table 6 Organ weights (% body weight) in broiler chickens fed maize—soybean meal-based diets with pre-treated
sunflower meal and wheat middlings

Response of treated

Treatments! overall Contrast
ltem feedstuffs

PC NC NC25 NC50 NC75 NC100 SEM \lje;lue Linear Quadratic PC vs. NC
21-days old
Gizzard 2.16 2.13 2.43 2.16 2.05 2.33 0.13 0.379 0.101 0.411 0.621
Liver 2.64%2 2.5 2.86 2.69%2 2.42b 3.142 0.16 0.074 0.017 0.059 0.247
Spleen 0.09 0.09 0.09 0.1 0.08 0.1 0.01 0.72 0.389 0.331 0.582
Bursa 0.27 0.26 0.32 0.29 0.28 0.34 0.03 0.397 0.041 0.438 0.688
Small
; ) 3.6 3.43 4.08 4.04 3.72 4.33 0.22 0.056 0.003 0.594 0.423
intestine
42-days old
Gizzard 1.25 1.36 1.53 1.48 1.29 1.44 0.07 0.073 0.01 0.486 0.423
Liver 2.45 2.31 2.45 2.32 1.82 2.28 0.18 0.142 0.949 0.164 0.481
Spleen 0.12 0.13 0.16 0.11 0.14 0.13 0.02 0.473 0.698 0.79 0.23
Small
; ) 2.15 2.27 2.55 2.27 2.33 2.22 0.15 0.52 0.37 0.316 0.123
intestine
Breast 20.3% 24,028 21.54°@ 21.54** 18.53° 20.0b? 1.17 0.044 0.563 0.678 0.36

SEM-standard error of means

Values within a row without a common superscript differ significantly by LS means at 5% probability

1PC; maize-soybean based positive control; NC, PC plus untreated sunflower meal (USM) and untreated wheat middlings
(UWM); NC25, NC with USM & UWM replaced with 25% of treated sunflower meal (TSM) and 25% of treated wheat middlings
(TWM), respectively; NC50, NC with USM & UWM replaced with 50% of TSM and 50% of TWM, respectively; NC75, NC with
USM & UWM replaced with 75% TSM and 75% TWM, respectively; NC100, NC with USM & UWM replaced with 100% TSM
and 100% of TWM, respectively

Results of tibia characteristics are shown in Table 7. Tibia has been shown to be the longest and the most
mineralised bone in broiler chickens, relative to femur and metatarsus (Han et al., 2014). In the current study,
relative to PC, on day 21, NC tibia length, diameter, weight, and ash content were not different (P 20.623). On day
42, tibia length and weight were less than the PC (P <0.023), but tibia diameter and ash were not different (P
20.129). The difference in tibia length and weight could be due allometric growth differences, as PC birds grew
faster and were heavier than NC. Relative to PC, the tibia length, diameter, and ash content on the test diets were
not different (P 20469), but relative weight decreased linearly with the inclusion of pre-treated sunflower meal and
wheat middlings (P =0.033) on day 21. On day 42, tibia length and diameter on the test diets decreased linearly
with the inclusion of pre-treated ingredients, while tibia weight was lower, especially at higher inclusion rates (NC75
and NC100) (P =0.007). The ash was not different (P =0.162). These differences can also be attributed to
allometric growth rate difference as PC birds were fed diets higher in AMEnN, which supported a faster growth.
These results are similar to the ones observed by Oikeh et al. (2019), when they suppressed broiler chicken growth
rate by diluting their energy with lignocellulose. The tibia length of the birds fed a low energy diet was shorter than
the control.
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Table 7 Tibia characteristics in broiler chickens fed maize—soybean meal-based diets with pre-treated sunflower
meal and wheat middlings

Response of

1
Treatments Overall treated feedstuffs Contrast
SEM
PC  NC NC25 NC50 NC75 NC100 P- Linear Quadratic PC  vs.
value NC

d 21
:;]ecr;]gth' 283 287 28 279 278 286 0.04 0525 0.746  0.253 0.965
af‘r’]“emr' 024 023 023 023 022 023 0.01 0.824 0519 0.264 0.686
}%g'&lht’ 027 029 032 027 026 031 0.26 0.075 0.033 0.182 0.817
Ash,% 597 568 583 597 612 594 154 0.469 0.913 0.812 0.623
d 42
Length, a ba ba ba b b
o 414% 412% 405 4052 3920 3.92 0.05  0.005 0.004 0.598 0.023
af‘ﬁ‘eter' 0.39° 038" 0.37% 035" 036 0.35° 0.01 0.01 0.003 0.105 0.129
WEightr a ba a ba b ba
byt 0.352 0.33% 0.36% 0.32" 029° 0.31 0.01 0.007 0.623  0.201 0.012
Ash,%  47.4 485 461 452 466 471 0.88 0.162 0.184 0.19 0.398

SEM-standard error of means

Values within a column without a common superscript differ significantly by LS means at 5% probability

1PC; maize-soybean based positive control; NC, PC plus untreated sunflower meal (USM) and untreated wheat middlings
(UWM); NC25, NC with USM & UWM replaced with 25% of treated sunflower meal (TSM) and 25% of treated wheat middlings
(TWM), respectively; NC50, NC with USM & UWM replaced with 50% of TSM and 50% of TWM, respectively; NC75, NC with
USM & UWM replaced with 75% TSM and 75% TWM, respectively; NC100, NC with USM & UWM replaced with 100% TSM
and 100% of TWM, respectively

Conclusions

Inclusion of untreated sunflower meal (SM) and wheat middlings (WM) did not affect body weight gain
relative to a maize—soybean meal control diet. Inclusion of enzymatically pre-treated sunflower meal and wheat
middlings at moderate levels (N25 and N50) in a maize—-soybean meal broiler chicken diet did not affect the
performance while high levels (N75 and N100) linearly decreased the performance. Based on this study, the cost
of producing 1 kg of the broiler chicken meat was the same for all treatments with N50 being numerically cheaper.
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