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Abstract

The main objective of this study was to investigate the impact of incorporating dietary almond
hull (AH) supplementation on various aspects, including the reproductive and growth perfor-
mance of sows and their piglets, as well as nutrient digestibility, milk composition, and fecal
score. For this purpose, a total of 21 sows (Landrace x Yorkshire), with an average parity of
3.3, were selected and divided into three dietary treatment groups: (i) a control group as bas-
al diet (CON), (ii) the basal diet with 3% AH (TRT1), and (iii) the basal diet with 6% AH (TRT2).
This study covered the period from 100th day of pregnancy until weaning. Dietary AH sup-
plementation did not affect lactating sow’s reproduction performance as well as body weight,
backfat thickness, and body condition score during pre- and post- farrowing, and at weaning.
Similarly, body weight loss, backfat thickness loss, average daily feed intake, and estrus
interval did not show significant variations among the treatment groups. Furthermore, the in-
clusion of AH in the diet has not had a discernible impact on nutrient digestibility. However, di-
etary supplementation of the AH has improved the body weight (p = 0.0464) at weaning and
average daily gain (p = 0.0146) of suckling piglets. Moreover, the milk content and fecal score
of the sows did not exhibit significant differences across the treatment groups. Overall, the
addition of AH to the sow diet had a favorable effect on the body weight and average daily
gain of suckling piglets, without exerting any detrimental effects on the growth performance,
nutrient digestibility, milk composition, and fecal score of lactating sows.

Keywords: Almond hull, Fecal score, Growth performance, Lactating sow, Milk content,

Nutrient digestibility

INTRODUCTION

The swine industry seeks innovative and sustainable approaches to optimize nutrition, improve animal
health, and enhance productivity. In recent years, there has been growing interest in the utilization of
alternative feed ingredients to address the challenges associated with traditional feed resources [1].

Almond hull (AH), a byproduct generated during almond processing, shows great potential as an
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alternative feed ingredient for lactating sows due to the rapid growth of almond production driven
by human demand [2]. AH, with its fiber and various bioactive compounds like polyphenols and
antioxidants, has the potential to boost animal performance as a valuable dietary component [3].

Lactating sows require specialized nutrition to accommodate the substantial demands of milk
production while also ensuring their own maintenance and well-being [4]. Fiber is crucial for
a healthy gastrointestinal tract, providing diet bulk, supporting proper gut motility, preventing
constipation, and aiding overall digestive function and nutrient absorption; in sow nutrition, it helps
manage body weight (BW), particularly during lactation, by imparting a sense of fullness without
excess calories [5].

AH possesses several characteristics that make it an attractive feed ingredient. Firstly, it is an abundant
agricultural byproduct, readily available, and potentially cost-effective [6]. Secondly, AH is a rich source
of dietary fiber, which can promote gut health and modulate nutrient utilization [7,8]. Elevated levels of
dietary fiber significantly influenced the performance, well-being, and behavioral aspects of sows [9]. It
was shown that incorporating a fiber-rich diet during pregnancy enhances the reproductive outcomes,
growth performance of nursing piglets, nutrient absorption, and milk composition in lactating sows
[10]. Furthermore, AH contains bioactive compounds, such as antioxidants and phenolic compounds,
which have been associated with various health benefits, including improved immune function and
oxidative stress reduction [11]. However, the inclusion of AH in the diet of lactating sows has not been
extensively investigated, and its impact on growth performance, nutrient digestibility, suckling piglet
performance, and fecal score remains largely unknown.

Understanding the impact of AH inclusion on sow and piglet performance will enable swine
producers to make informed decisions regarding its incorporation into their feeding programs,
ultimately leading to improved animal welfare and economic profitability. This study presents an
in-depth investigation into the effects of dietary AH on lactating sows, addressing critical aspects
such as growth performance, nutrient digestibility, suckling piglet performance, fecal score, and milk

content.

MATERIALS AND METHODS

'The procedures for animal care and management outlined in the experimental protocols underwent
thorough review and received approval from Dankook University’s Animal Care and Use

Committee (Approval Code: DK-2-2216) in Korea.

Experimental design, animals, and diets

A total of 21 sows, (Landrace x Yorkshire), with an average parity of 3.3 (4 sows in second
pregnancy, 9 sows in third pregnancy, 6 sows in fourth pregnancy, and 2 sows in fifth pregnancy),
were utilized in this study. The three dietary treatments: 1) CON, basal diet; 2) TRT1, basal diet
incorporated with 3% AH; and 3) TRT2, basal diet incorporated with 6% AH. Each treatment
group consisted of 7 sows.

‘Throughout the gestation period, the sows were housed in separate stalls furnished with partially
slatted flooring composed of specific strips measuring 0.80 x 1.05 m. The experimental diets
were administered from 100th day of gestation until weaning. Sows were weighed and moved
to the farrowing room on the 107th day of gestation, where they received 2.5 kg of feed daily for
adjustment to the lactation diet before parturition. However, sows were not provided with food on
the day of farrowing. The nutrient compositions of the diets were designed to meet or exceed the
nutritional standards outlined by the National Research Council [12] (Table 1).

'The farrowing crate was equipped with controlled air conditioning for newborn piglets, while the
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Table 1. Ingredient composition of experimental diets as-fed basis

M Lactation
CON TRT1 TRT2
Ingredient (%) 100.00 100.00 100.00
Corn 41.93 38.38 34.81
Wheat 23.00 23.00 23.00
Wheat bran 8.31 8.31 8.31
Soybean meal (48%) 4.48 4.72 4.95
Dehulled soybean meal 12.96 12.96 12.96
Molasses 2.00 2.00 2.00
Soybean oil 3.40 3.73 4.07
Monocalcium phosphate 1.20 1.20 1.25
Limestone 1.18 1.16 1.10
Magnesium oxide 0.02 0.02 0.02
Salt 0.50 0.50 0.50
Threonine (99%) 0.17 0.17 0.18
Methionine (99%) 0.02 0.02 0.02
L-lysine (78%) 0.31 0.31 0.31
Vitamin / Mineral premix"” 0.40 0.40 0.40
Choline (25%) 0.12 0.12 0.12
Almond hull NA 3.00 6.00
Calculated value
Crude protein (%) 16.50 16.50 16.50
Metabolic energy (kcal/kg) 3,300 3,300 3,300
Fat (%) 5.71 6.00 6.31
Calcium (%) 0.76 0.76 0.76
phosphorus (%) 0.65 0.65 0.65
Lysine (%) 0.96 0.96 0.96
Threonine (%) 0.65 0.65 0.65
Methionine (%) 0.26 0.26 0.26
Neutral detergent fiber (%) 10.79 11.78 12.76
Acid detergent fiber (%) 4.33 4.89 5.47

"Provided per kg of complete diet: 16,800 IU vitamin A; 2,400 IU vitamin Ds; 108 mg vitamin E; 7.2 mg vitamin K; 18 mg
Riboflavin; 80.4 mg Niacin; 2.64 mg Thiamine; 45.6 mg D-Pantothenic; 0.06 mg. Cobalamin; 12 mg Cu (as CuSO,); 60 mg Zn
(as ZnS0O,); 24 mg Mn (as MnSO,); 0.6 mg | (as Ca (10;),); 0.36mg Se (as Na,SeOs).

NA, not applicable.

temperature in the farrowing house was maintained at a minimum of 20°C, with supplementary
ventilation generated through heat lamps. Within 24 hours of birth, all piglets underwent essential
procedures including a 1 ml iron injection, ear notching, and tail docking. Male piglets were
castrated within the first 5 days after birth. During the lactation period, the sow’s feed intake
increased to 7 kg, and piglets continued to be weaned within the farrowing room until day 21.
Both sows and piglets had unrestricted access to feed and water throughout the duration of the

experiment.
Chemical analysis, sampling, and measurements

Reproduction performance of sows
BW, body weight loss (BWL), backfat thickness (BFT), and body condition scores (BCS) were
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assessed before and after farrowing, as well as at weaning on day 21. The back-fat thickness, situated
6-8 cm from the midline of the 10th rib, was gauged using a real-time ultrasonic device called
piglet 105 (SFK Tech, Herlec, Denmark). These measurements were taken during the 100th day of
gestation, post-farrowing, and weaning stages to establish the back fat thickness loss (BF'TL).

Throughout the gestation and lactation periods, the intake of feed and any leftover portions were
computed to ascer tain the average daily feed intake (ADFI). Various parameters related to piglets
were also documented, such as birth weight, total number of pigs at birth, count of live, stillborn,
and mummified piglets, which were then used to determine the litter size. Additionally, the number

of piglets that were nurtured from birth until weaning, known as starter and fostered piglets, was
recorded to calculate the survival rate (SUR).

Growth performance of piglets

On days 1, 7, 14, and 21, individual piglets’ BW, and average daily gains (ADG) were recorded.
The calculation of piglet ADG involved determining the difference between birth weight (kg)
and weaning weight (kg) and then dividing it by the length of the lactation period. The growth
performance of number of suckling piglets (INO), final number of suckling piglets (FNO), and
SUR were recorded.

Nutrient digestibility of sows
To compute the total tract digestibility of dry matter (DM), nitrogen (N), and energy (E), 0.20%
concentration of chromium oxide was introduced into the diet as an indigestible marker for a 7-day
period leading up to fecal collection at the end of the lactation period. The rectum of the sows
was gently stimulated by a handler, facilitating the collection of fresh fecal samples which were
combined based on pen grouping and then stored at a temperature of ~20°C until analysis.

Both the feed and fecal samples underwent freeze-drying and were finely ground to pass through
a 1 mm screen. The assessment of DM and N digestibility followed procedures established by
the Association of Official Analytical Chemists [13]. The concentration of chromium in the diets
and feces was determined through ultraviolet (UV) absorption spectrophotometry using a UV-
1201 instrument (Shimadzu, Kyoto, Japan). E analysis was conducted using a Parr 6100 oxygen
bomb calorimeter (Parr Instrument, Moline, IL, USA), which measured the heat released during
combustion in the samples. For N analysis, a Kjeltec 8600 system (Foss Tecator AB, Hoeganaes,
Sweden) was employed. The calculation of digestibility was followed by our previous study [14].
Fecal score of sows

During days 100 to 107 of pregnancy and in the third week of the lactating period, the fecal
consistency of sows was monitored and recorded daily per pen. The fecal consistency was classified
using the following grading system: 1 represented hard, dry pellets; 2 indicated firm, well-formed
stools; 3 denoted soft, moist stools retaining their shape; 4 described soft, less formed stools taking
the shape of the container; 5 signified watery liquid consistency that could be poured.

Milk contents of sows

Around 25 milliliters of colostrum were obtained from the active mammary glands of these sows
within 12 hours after farrowing. Additionally, on the 21st day of lactation, 10 to 20 milliliters of
mature milk were collected for analysis. The colostrum and milk samples were subjected to analysis
for various components, including fat, protein, lactose, solids not fat, total solids, and freezing point.
These analyses were conducted by a commercial laboratory utilizing a MilkoScanTM FT1 (Foss
North America, Eden Prairie, MN, USA).
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Statistical analyses

All data in this experiment were analyzed in accordance with a completely randomized design using
the one-way ANOVA. Tukey’s range test analyses were utilized to evaluate whether there were
significant differences among the means. The experimental unit was represented by suckling piglets
and sows. The SEM was a way of expressing the data’s variability. The significance of differences

was determined at p < 0.05 was considered significant, p < 0.10 was considered a trend.

RESULTS

Reproduction performance and growth performance
Table 2 showed the impact of including AH supplement on sow reproductive performance.

Lactating sows supplemented with AH showed no changes in BW, BWL, BF'T, BF'TL, and BCS

across pre- and post-farrowing, as well as during weaning stages. Additionally, no discrepancies

Table 2. The effect of dietary Almond hull additive on reproduction performance in lactating sow

Items CON" TRT1 TRT2 SEM p-value

Parity 3.3 3.3 33 0.2 0.9687
Litter size

Total birth (head) 129 12.4 12.7 0.7 0.8756

Total alive (head) 126 12.1 12.6 0.8 0.7643

Stillbirth (head) 0.3 0.1 0.1 0.2 0.5698

Mummification (head) 0.0 0.1 0.0 0.1 0.3645

SUR1 (%) 97.47 97.62 98.81 1.69 0.1197
Body weight (kg)

Before farrowing 241.8 249.7 252.0 6.2 0.4929

After farrowing 2134 223.2 226.3 6.2 0.3359

Weaning 203.6 2154 2191 5.9 0.199%4
Body weight difference 1% 284 26.4 25.7 1.7 0.9622
Body weight difference 2% 9.8 7.8 7.2 1.1 0.6346
Backfat thickness (mm)

Before farrowing 20.9 20.1 20.9 0.5 0.5732

After farrowing 18.6 18.6 19.1 0.6 0.6464

Weaning 15.9 16.3 16.9 0.6 0.3991
Backfat thickness difference 17 23 1.6 1.7 0.2 0.3486
Backfat thickness difference 27 2.7 23 2.3 0.2 0.1680
Body condition score

Before farrowing 3.6 3.3 3.7 0.2 0.0663

After farrowing 31 3.0 34 0.1 0.2801

Weaning 238 27 29 0.1 0.1313
ADFI (kg)

Pregnancy 2.92 2.94 2.96 0.03 0.2578

Lactation 7.62 7.67 7.74 0.14 0.5753

Estrus interval (d) 5.3 5.1 5.0 0.3 0.5635

CON, basal diet; TRT1, CON + 3% almond hull; TRT2, CON + 6% almond hull.

“Body weight difference: 1, before farrowing to after farrowing; 2, after farrowing to weaning.

®Backfat thickness difference: 1, before farrowing to after farrowing; 2, after farrowing to weaning.

SURH1, survival rate of number of alive pigs per number of total born pigs; ADFI, average daily feed intake.

https://doi.org/10.5187/jast.2024.e40
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were observed in the ADFT of sows both pregnancy and lactation periods. Moreover, the AH
supplementation in sow diet did not lead to significant differences in INO and FNO. However, in
comparison to CON, TRT2 exhibited a notable increase in both piglet BW (p = 0.0464) and ADG
(p = 0.0146) at the weaning stage (Table 3).

Nutrient digestibility, fecal score, and milk content

The inclusion of AH in the diet of sow did not significantly affect nutrient digestibility of DM,
N, and E throughout the study period (Table 4). Moreover, fecal scores also remained consistent
during pregnancy (day 100-107) and lactation period (week 3) (Table 5). Furthermore, the milk
composition (fat, protein, lactose, solids not fat, total solids, and freezing point) of sows did not
show significant alterations due to the dietary supplementation with AH throughout the study
duration (Table 6).

DISCUSSION

'The current investigation examined the influence of AH supplementation on various aspects of sow
reproductive performance. Notably, no statistically significant distinctions were observed in terms
of sow BW, BWL, BF'T, BCS before farrowing and after farrowing, and at weaning. These findings
align with the outcomes of Zhao et al. [15], who noted that the inclusion of 10% and 20% sugar
beet pulp (SBP) in the diet did not yield significant effects on sow growth performance, BE'T, BCS,
or ADG. Similarly, the addition of 20% supplementation of wheat bran (WB), soybean hulls (SH),
or rice hulls in diets did not result in any significant impact on reproductive performance of sows

during both gestation and lactation phases [16]. Furthermore, sows consume a basal diet with either

Table 3. The effect of dietary Alimond hull additive on growth performance in suckling piglets

Items CON" TRT1 TRT2 SEM p-value

INO 12.6 12.1 12.6 0.1 0.0549
FNO 12.1 11.9 12.3 0.3 0.6897
SUR2 (%) 96.70 97.62 97.71 1.58 0.7472
Body weight (kg)

Birth weight 1.46 1.55 1.51 0.03 0.2119

Weaning 6.08" 6.37* 6.53° 0.11 0.0464
Average daily gain (g)

Overall 216" 230* 239° 5 0.0146

CON, basal diet; TRT1, CON + 3% almond hull; TRT2, CON + 6% almond hull.
2*Means in the same row with different superscripts differ significantly (p < 0.05).
INO, Initial number of piglets; FNO, Final number of piglets; SUR2, survival rate during lactation.

Table 4. The effect of dietary Almond hull additive supplementation on nutrient digestibility in lactating
sow

Items CON" TRT1 TRT2 SEM p-value
Weaning
Dry matter 59.86 60.55 61.30 1.52 0.4310
Nitrogen 58.29 59.39 60.56 2.18 0.6427
Energy 59.89 61.20 61.56 2.23 0.7419

CON, basal diet; TRT1, CON + 3% almond hull; TRT2, CON + 6% almond hull.
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Table 5. The effect of dietary Almond hull additive supplementation on fecal score in lactating sow

ltems CON" TRT1 TRT2 SEM p-value
Fecal score”
Pregnancy
Day 100-107 3.32 3.26 3.27 0.05 0.4021
Lactation
Week 3 3.44 3.39 3.34 0.05 0.7787

CON, basal diet; TRT1, CON + 3% almond hull; TRT2, CON + 6% almond hull.
IFecal score = 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains shape; 4 soft, unformed stool that assumes
shape of container; 5 watery liquid that can be poured.

Table 6. The effect of dietary Almond hull additive supplementation on milk contents in lactating sow

ltems CON" TRT1 TRT2 SEM p-value
Colostrum
Fat (%) 10.55 10.62 10.56 0.19 0.9267
Protein (%) 512 5.19 517 0.04 0.7916
Lactose (%) 5.68 5.70 5.52 0.12 0.5917
Solids not fat (%) 10.76 10.42 10.82 0.25 0.8677
Total-solids (%) 20.66 20.77 20.86 0.10 0.4920
Frozen point (C) —0.55 —0.55 —0.55 0.00 -
Milk
Fat (%) 12.39 13.31 13.48 0.44 0.4303
Protein (%) 2.56 2.67 2.59 0.14 0.7232
Lactose (%) 6.61 6.61 6.66 0.15 0.8408
Solids not fat (%) 7.08 7.35 747 0.25 0.4680
Total-solids (%) 17.84 17.92 17.84 0.10 0.7836
Frozen point (C) —0.62 —0.62 —0.62 0.00 -

CON, basal diet; TRT1, CON + 3% almond hull; TRT2, CON + 6% almond hull.

5% beet pulp (BP) or 15% distillers dried grains with soluble exhibited comparable BWL during
the lactation period [17]. In contrast, providing 55 g of fiber solely during lactation enhanced
reproductive performance and well-being of sows [18]. Moreover, Weight gain of sows during
pregnancy and their weight loss at farrowing were significantly higher for 500 g SBP and 500 g
mixed fiber sources (dried grass meal, WB, and oat hulls) than for control diet [19]. Discrepancies
between our findings and those of other studies may stem from factors such as variations in
environmental conditions, distinct pig breeds, different developmental stages of pigs, diverse sources
of dietary fiber, and varying levels of hull inclusion employed across these investigations.

Dietary fiber has been recognized for its potential to enhance the growth of suckling piglets
nursed by sows [20]. Our research aligns with previous findings, indicating that gestational sows fed
a diet enriched with 3% purified fiber blend experienced significant improvements in piglet BW
and ADG during the weaning period [21]. Additionally, supplementing sows’ diets with 13.35%
wheat straw over an extended period resulted in significant increases in piglet weight and daily gain
at weaning [22]. Correspondingly, the introduction of 282 g per kg of dietary fiber into the lactating
sow diet contributed to enhanced BW and ADG of piglets during weaning [23]. Recent studies
have suggested a possible correlation between modifications in sow production performance caused

by dietary fiber and the modulation of gut microbial composition [7]. Intestinal microbes may play

https://doi.org/10.5187/jast.2024.e40
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a role in influencing changes in intestinal antioxidant capacity [24] . Building upon this perspective,
antioxidants from sows to piglets through milk implies a potential mechanism for bolstering the
antioxidant status and overall health of the piglets [25]. This transfer of antioxidant components
might play a role in enhancing weaning BW and promoting improved ADG among piglets.

AH fiber has a greater proportion of cell wall components (i.c., cellulose, hemicellulose, and
lignin) that are considered insoluble fibre and more difficult to digest [26]. Insoluble dietary fiber
decreases intestinal transit time [27], which limits nutrient digestion and absorption [28]. Increasing
insoluble fiber of diets by adding 12% wheat straw or 16% SBP depressed apparent N digestibility
in lactating sows [29]. The relatively small decline in N digestibility caused by inclusion of insoluble
fiber [30] . Insoluble fiber intake was related negatively to energy digestibility [29]. Lactating sows
fed diets containing 22% oat hulls exhibited reduced E digestibility compared to those on the
control diet [31]. However, in the present study, there was no negative effect on digestibility of DM,
N, and E. Differences in level and fiber composition between AH and other fiber sources could
explain their differential effects on digestibility.

Fecal score serves as an indicator for assessing the digestive health of lactating sows, where higher
scores indicate a greater likelihood of diarrhea [32]. In our current study, the evaluation of fecal
scores revealed the absence of diarrhea incidents among the lactating sows. This finding aligns
with the results, where the addition of both 10% and 20% BP supplementation did not lead to any
significant effects on fecal score [15]. Similarly, the inclusion of beet fiber particles at various levels
(5%, 7.5%, and 10%) had no effect on the fecal score of lactating sows [33]. Notably, the water-
binding capacity of insoluble fibers has been linked to a reduction in the occurrence of diarrhea
[34]. Hence, the lack of diarrhea occurrence in both the treatment and control groups suggests
that factors other than water-binding capacity might contribute to diarrhea prevention in this
study. Further research is required to elucidate the precise mechanisms underlying the observed
prevention of diarrhea in both groups.

The dietary nutrient level plays a crucial role in shaping the composition and synthesis of sow
milk [35]. While dietary fiber cannot be directly utilized by sows, its fermentation byproducts serve
as vital nutrient sources for the synthesis of sow milk [36]. In our current study, the inclusion of
AH did not yield any significant influence on the milk composition of lactating sows. This outcome
is consistent with earlier findings [37,38]. Moreover, numerous studies have indicated that dietary
fiber in gestation diets does not exert effects on colostrum and milk yield [39-41]. Furthermore, the
ingestion of 9.14% insoluble fiber during gestation did not produce significant effects on colostrum
and milk composition [42]. However, the colostrum composition changed when sows ate a diet
with 13.3% dietary fiber from SH, WB, and BP [40]. Conversely, the incorporation of alfalfa hulls
in the diet led to a reduction in protein content in the milk of lactating sows [43]. These divergent
outcomes may be attributed to variations in dietary fiber sources and the differing levels employed

across various studies.

CONCLUSION

To conclude, the results of our experiment indicate that supplementing the basal diet of lactating
sows with AH positively influenced the growth performance of piglets at weaning, without
adversely affecting milk composition. Our findings suggest that an optimal concentration of 6%

AH in the diet can enhance piglet BW and ADG during the weaning period.
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