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Abstract
The aim of the study was to assess the effect of dried fermented rapeseed meal (FRSM) in diets for
sows on blood redox and immunological parameters, taking into account the physiological period
(pregnancy or lactation) and age (primiparous vs multiparous sows). The experiment also aimed to
determine how FRSM administered to pregnant sows, affects the antioxidant and immune systems
of piglets. The animals were divided into 4 groups of 15 animals each. Control groups of primipa-
rous (C,) and multiparous sows (C,) received a standard diet for pregnant or lactating sows. Ex-
perimental groups of primiparous (E_) and multiparous sows (E,) received feed with a 4% share
of FRSM in place of soybean meal up to day 100 of gestation, 9% share of FRSM from day 100
of gestation to day 7 of lactation, and then again 4% share of FRSM until the end of lactation. In
the blood plasma of pregnant sows fed diet with FRSM addition, higher FRAP value and vitamin
C, uric acid (UA), immunoglobulin IgG content, lymphocytes (LYM) count and a lower content
of malondialdehyde (MDA), lipid hydroperoxides (LOOH), immunoglobulin IgM was noted than
in the blood plasma of control sows. Both primiparous and multiparous lactation sows whose feed
included FRSM had higher catalase (CAT) activity, higher FRAP, vitamin C, immunoglobulin IgG
and IL-6 content, and lower UA content than the control sows. Piglets born to sows fed diet with
FRSM addition had significantly higher FRAP values, vitamin C, IgG, and IL-6 content and white
blood cells (WBC) count and lower MDA and UA content in the blood plasma than piglets born
to sows from control group. Multiparous sows compared to primiparous sows had higher CAT
activity, and higher vitamin C, LOOH, creatinine (CREAT), and IgM content. Elevated FRAP,
and CREAT levels and reduced MDA content were also observed in the plasma of the multiparous
sows compared to primiparous sows during lactation. Multiparous lactation sows compared to
primiparous sows had lower WBC count, and IgG and IgM content. Piglets born to multiparous
sows had higher FRAP values, LOOH content and IgA content while lower MDA content com-
pared to piglets born to primiparous sows. The inclusion of dried fermented rapeseed meal in feed
for sows significantly stimulates antioxidant processes in primiparous and multiparous sows and
in their piglets. The inclusion of dried fermented rapeseed meal in the diet of sows stimulates anti-
oxidant processes in primiparous and multiparous sows and in their piglets. This is responsible for
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stimulation of the immune system (increased LYM counts and IgG titres in the blood plasma). The
improved antioxidant status in the plasma suggests that dried fermented rapeseed meal stimulated
the immune system of pregnant and lactating sows and their newborn offspring.

Key words: fermented rapeseed meal, sows, piglets, antioxidant, immune system

Rapeseed meal use in feeding of sows and piglets is limited by the presence
of numerous antinutritional factors (ANF), such as glucosinolates, tannins, phytic
acid or non-starch polysaccharides (Jakobsen et al., 2015; Czech and Grela, 2004).
The presence of anti-nutritional compounds is particularly dangerous for primipa-
rous sows, in which pregnancy, farrowing and weaning are associated with dynamic
adaptive changes (anatomical, physiological and metabolic). One of the methods
for reducing the amount of ANFs in rapeseed meal is to subject it to the action of
microorganisms (fermentation) whose enzymes can effectively hydrolyse proteins
and, above all, break down antinutrients (Canibe and Jensen, 2012; Jha and Leterme,
2012). Use of fermented rapeseed meal (FRSM) in the sow’s diet may result in in-
creased intestinal immunity (Gao et al., 2009), in better use of mineral compounds
and improvement of blood parameters of sows and piglets (Czech et al., 2020; To-
maszewska et al., 2019). Stimulation of the sow’s immune system is also associated
with an increase in the level of immunoglobulins in the blood and in the colostrum.
Maternal immunoglobulins (IgG, IgM, IgA) derived from colostrum, due to the total
permeability of the intestines, penetrate through enterocytes into the bloodstream of
piglets, which has a positive effect on the health, survival and general condition of
piglets (Declerck et al., 2015).

Activation of the immune system to secrete immunoglobulins through the gastro-
intestinal mucosa is associated with the presence of probiotic microorganisms found
in fermented feed (Missotten et al., 2015). The presence of microorganisms stimu-
lates the production of organic acids, which by lowering the intestinal pH create
an unfavourable growth environment for some enteropathogens, thereby improving
the gut microbiota and thus animal health (Wang et al., 2012). Diet with fermented
products affects not only the humoral response (immunoglobulin content, lysozyme
activity, and cytokine production), but also cellular immunity. The reduction in the
heterophil/lymphocyte ratio observed in chickens fed diet with addition of fermented
products suggests that these products may suppress the immune response (Sugiharto
and Ranjitkar, 2019).

Thus far, no studies have been conducted on the use of FRSM in the diet of sows
during pregnancy and lactation; therefore, the experiment may introduce new infor-
mation regarding this valuable protein feed component and its effect on the antioxi-
dant and immune system. In choosing the amount of FRSM in diet for sows, we kept
in mind that in addition to the benefits of fermentation, fermented raw materials also
contain compounds that can reduce the palatability of feed (acetic acid and sinapine)
and adversely affect metabolic reactions (biogenic amines formed during fermenta-
tion, e.g. cadaverine, putrescine and histamine), which is undesirable for pregnant
and lactating sows (Canibe and Jensen, 2012).
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It has been assumed that the addition of fermented rapeseed meal to feed will
improve the antioxidant and the immune status of sows. The aim of the study was
to assess the effect of FRSM in diets for sows on blood redox and immunological
parameters, taking into account the physiological period (pregnancy or lactation)
and age (primiparous vs multiparous sows). The experiment also aimed to determine
how FRSM administered to pregnant sows, affects the antioxidant and immune sys-
tems of piglets.

Material and methods

The experimental procedure was approved by the Local Ethics Commission for
Experiments with Animals in Lublin (approval no. 21/2016).

Experimental design

The experimental material comprised 60 Yorkshire sows mated with Danish
Landrace boars. These included 30 primiparous gilts (average body weight
150 kg + 8 kg; average backfat thickness 18 mm + 1.5 mm) and 30 multiparous
sows after their second lactation (average body weight 250 kg + 11 kg; average
backfat thickness 24 mm + 2 mm). They were randomly divided into two groups of
equal size — control and experimental. The animals in the control groups C, (gilts)
and C, (sows) received a standard diet for pregnant or lactating sows, depending on
the reproductive period. Experimental groups E and E_ were gilts and multiparous
sows, respectively, receiving feed with a 4% share of fermented rapeseed meal in
place of soybean meal from 28 d to 100 d of gestation. In addition, from 100 d of
gestation to 7 d of lactation, the sows in these groups received feed with a 9% share
of FRSM, and then again, a diet with a 4% share of FRSM until the end of lactation.
During gestation, the sows stayed in pens with 5 animals apiece (group feeding),
and from two weeks before parturition until weaning they were housed in individual
stalls (individual feeding). FRSM was obtained from European Protein AS (Bakke,
Denmark).

Animal diets

The sows were fed dry diet in accordance with NRC (2012). Gestation diets
(2.5 kg per day) were supplied twice a day (08:00 and 18:00). On d 108 of gesta-
tion, sows were transported to farrowing stalls and individually fed. After farrowing,
all sows received the experimental lactation diet. The lactation diet was supplied
three times a day (08:00, 12:00 and 18:00), starting at 2.0 kg/day and increasing by
0.5 kg/day during the first week. Afterwards, sows had free access to the diet until
they were weaned on d 28 of lactation. Sows were provided ad libitum access to
water during the entire experimental trial. The content of nutrients and ANFs such as
glucosinolates, tannins, phytate phosphorus in the diets for the animals in the control
and experimental groups are given in Table 1. Details of feed intake and methods for
the determination of nutrients and ANFs are included in Grela et al. (2019).



A. Czech et al.

204

69°¢ ILs L9°S £€9°¢ 61°¢ €Cs 606 snioydsoyd 2101
or'ls 06'8% 0T°0S 05'8¥ (a73 0S°€L 0s'16 21qy apnio
0S°LT 0€°LT 0€°LT 0T’Le 0€'ce 0T'ce 0L 1€ 10B0XD 19Y19

0reLl 0€°ILI 0T ILT 0F'0LI 01°0S1 0€°0S1 08°16C udjo1d opnro
08°IS 0€°¢Cs 06°1S 0¥'cs 08°6% 09°0S 06°8L yse apnIo
00°588 00°L88 00°888 00'688 00788 00°¢88 0L°C88 Topew A1p
(8/3) pasAreuy
006 000 00t 000 00t 000 INSYA
00 0¥°0 00 0¥°0 00 0¥°0 <ogipioe
0L'C 0L'c 0L'e 0LC 01'¢c 01'¢C pX1waid urue)A-jesaur
80°0 80°0 80°0 80°0 80°0 80°0 QuIuoIRN-T1d
cro cro cro cro cro cro oursA -]

90 90 90 9C°0 90 90 apeydsoyd wnrdpesouow

0L0 0L°0 0L°0 0L0 0L0 0L0 quoysaw|

0¥°0 0¥°0 0¥°0 0¥°0 0¥°0 0¥°0 (1DeN) 1es
00°C 00°C 00°C 00T 00°1 00T [10 paasader
0001 0091 00°¢l 0091 00°¢ 009 (dD %) [eawr ueaqAos

Y0t Y0t ¥0'Y v0'v yeec €'6C 180
(17343 0€'LE 0L9¢ 0€'Le 00°6C 09°6C Kareq

000 000 00°0 00°0 00°0¢ 00°0¢ dedonLy
009¢ 009¢ 009¢ 009¢ 000 000 jeaym

(1912W AIp-ITR JO 94) SIUAIPAITU]
g o) g o) | o)
cuoneyoe] Alred/Koueugard oje| ;uonejoe] ojef/Adueudard-prjy KLoueuFord Ajreg NSHA e

(6102 “I® 10 B[oID) PI9J JO Y | UI SOOULISQNS JAIIOLOI] PUE SJUSLHNU JO JUIU0D puk uonisodwo)) ‘| djqeL



205

The effect of FRSM on health of pregnant sows and their offSpring

(£861) Y10y pue 1oussaZyoury Jo uonenbs ay) 0} SuIpI0odE PajRINO[RI SeM ATIOUD J]qRZIJOqRIDN,
*G0"05d 18 SeouaIayyIp Jueoyrusts A[reonsne)s aoudp g sa Wy pue Mg sa 1M g 04 41 waomiaq s1on9] JUSIAIP — q ‘&
"8 0t “(9prxoIp UOOI[IS) IoLLIed B G (9€T ) proe
oruoy ‘8 6y (08¢ d) proe oruordoxd 8 g (L6 ¢d) proe dtewny S 011 (€€ ) PR LI B 0z¢ (8¢ A) proe ouoydsoydoyio 3o1p 8y | Ut SUIMO[[0F oY) POPIAOId IOYIPIOY
Sw ()OO‘Q1 uIuoaIy) ‘Fw 00O‘Q] duIuoryew-J ‘Fuw 000‘0¢ UISA[-T ‘Sw (¢ durpor ‘Suwr (] wWNIua[ds ‘Fuw (‘g dseuedurw ‘Fw 000y oUIZ ‘Sw (O
1addoo “Gur (00 uoar “Swr ()OS dUI[OYD Sw (09 g UrweNA Sw (08 dd e Sow (0001 H urwea ‘Sow o1 °'g urweya Sw 9 g urwena ‘Sw oz g urwena ‘Sw 08z ‘g
unweya ‘Sw 8 'g urwepa Sw 001 N wiwena Sw 008 g uiweNA ‘N1 000°08 ‘A UIWENA ‘T 000°079 V UItElA 301p SY [ Ul Suimo[jof oy} paptaoid xiwaid ujueyA-[eIoul A,
‘uonjejoe] Jo £ p oy dn pue Aoueudard Jo p 1] 01 [(] WOIJ SMOS,
‘uone)de| Jo p gz 01 g woly pue Aoueugaid Jo p OO 0 G§ WO} SMOS,
‘Koueusaid jo p g8 01 dn smog,
‘uoneIoe]
Area pue Koueugord aje] ur smos [ejuswiadxs = g uoneyoe| Apres pue Kourudoid aje] ur smos jonuod = 1) ‘uoneyoe| aye pue AouruSaid-prw ur smos [pyuswLadxa =g ‘uon
-v10e] 918] pue KoueuSord-prur ur smos jonuod = My ‘KouruFard Aed ur smos [euswLIRdXd =1 ‘AouruSord ALres ur smos jonuod = *1) eow passader pajusuLdy = INSYUA

0Lzl 09°CI 09°CI 09°CI 0€el 0€Cl LTTI (B3/rN) yAB10U0 B[qEZI[OqEIOU
pajenoe)
e chg Q991 B66°S a69'1 LEARS QILT 0¥°0$ (1/10wrw) proe onoe]
6€C LT S€T 17T vE'T 61°C 9Lt SuTuE)
q00°0 21000 200°0 100°0 2000 100°0 LE9 (8/10w) sayejoursoon3
01°991 0S'¥91 0T'991 0€'S91 0T'6¥1 08's¥1 0T'6¥1 (8>y/8ur) uoxt
11°0T TToT €°0T 0€°0T w8l 19°81 L9°9 (84/8w) 10ddos
0Svh1 08'¢h1 0T 6¥1 0L'8¥1 0€Fil 0S'Tyl 86'99 (8>y/8u) ourz
€61 16'1 L6 86'1 €0°C v0'T 9TT wnIpos
L8 $9'8 €98 79'8 €L SY'L 08 winiofeo

q10C vLLE av6'l B6LE q1¢T eplg €L snoydsoyd syeiAyd



206 A. Czech et al.

The piglets fed on the sows’ milk and additionally received a prestarter diet. Pre-
starter feed (13.6 MJ ME, 215 g CP, total lysine 13.5 g) was available to the piglets
ad libitum from d 10 of age and continued for 1 week after weaning. From the second
week, the piglets were fed a starter diet (13.5 MJ ME, 207 g CP, total lysine 11.5 g).
The diets for piglets did not contain FRSM, and their nutritional value and vitamin and
mineral content were in accordance with NRC (2012) for piglets weighing 5 to 7 kg.

Experimental procedures

Blood samples were taken from 6 sows from each group in two periods: at
100 d of pregnancy (late pregnancy) and at 27 d of lactation (late lactation). Blood
was always collected from the same animals. Blood from piglets was taken at 27 d of
age (before weaning), from 2 piglets from each sow (one gilt and one barrow), taking
into account the average body weight in the litter.

Blood analysis

The haematological parameters determined in whole blood were the white blood
cell count (WBC) and the percentage composition of white blood cells (leuko-
gram), i.e. the percentage of neutrophils (NEU), lymphocytes (LYM) and the sum of
monocytes, eosinophils and basophils (MID). The determinations were made in an
ABACUS-Vet analyser. The blood samples were immediately aliquoted into tubes
containing heparin as an anticoagulant. The blood samples were centrifuged for 15 at
380 x g and 4°C, and the resulting plasma was stored at —20°C until analysis. Plasma
content of uric acid (UA), urea (UREA), creatinine (CREAT), and bilirubin (BIL)
was determined by spectrophotometry using Cormay monotests.

The content of immunoglobulins IgA (cat. no. EP0076), IgG (cat. no. EP0084)
and IgM (cat. no. EP0085) and interleukin 6 (IL-6) (cat. no. EP0099) in the blood
plasma were determined using ELISA kits (Wuhan Fine Biotech Co., Ltd., China)
and ELISA plate reader (spectrophotometric method). The total antioxidant poten-
tial of the plasma (FRAP), level of malondialdehyde (MDA), lipid hydroperoxide
(LOOH), and vitamin C, activity of superoxide dismutase (SOD) and catalase (CAT)
in the blood plasma was determined according to Czech et al. (2017).

Statistical analysis

The data on diets and blood parameters of the sows and piglets were subjected to
statistical evaluation by two-factor analysis with interaction, taking into account the
following factors:

Ip=CGHEH(CXE),te,

where: Vi = observations; C, — effect of reproductive cycle (primiparous gilts or
multiparous sows); F. — effect of feeding group (control or experimental — the effect
of dried fermented rapeseed meal); (C x F)ij — effect of interaction between reproduc-
tive cycle and diet; e,,— Crror. Statistical significance between treatments was based on
P<0.05 and P<0.01. Analyses were performed in the GLM procedure of SAS 9.4 (SAS
Institute, Cary NC). Correlation coefficients between the content of IgG, IgA and IgM
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in blood plasma of pregnant sows, lactating sows and colostrum and their content in
piglet’s blood plasma was calculated using Pearson’s correlation analysis.

Results

Effect of FRSM

In the blood plasma of pregnant sows fed diet with FRSM addition, higher FRAP
value (P<0.001) and vitamin C content (P<0.001) and a lower content of MDA
(P<0.001) and LOOH (P = 0.039) was noted than in the blood plasma of control
sows. Primiparous and multiparous sows receiving feed with FSRM during preg-
nancy had higher plasma levels of UA (P = 0.011) than the control sows (Table 2).
Higher IgG (P = 0.042) and lower IgM level (P = 0.037) was noted in the blood
plasma of pregnant sows fed diet with FRSM addition compared to sows from con-
trol groups. In the blood of pregnant sows fed diet with FRSM addition, higher LYM
count (P = 0.001), with a significantly lower count of NEU and NEU/LYM ratio
(P<0.001, both) was noted than in the blood of control sows (Table 3).

Both primiparous and multiparous lactation sows whose feed included FRSM
had higher CAT activity (P = 0.005), higher FRAP, and vitamin C content (P<0.001;
P = 0.001, respectively), and lower UA content (P = 0.037) than the control sows
(Table 4). All sows receiving a diet with FRSM during lactation had significantly
higher level of IgG and IL-6 (P<0.001, both) in blood plasma compared to sows from
control groups (Table 5).

Piglets born to sows fed diet with FRSM addition had significantly higher FRAP
values (P<0.001), vitamin C and BIL content (P = 0.022; P = 0.004, respectively) and
significantly lower MDA and UA content (P = 0.007; P = 0.009, respectively) in the
blood plasma than piglets born to sows from control group (Table 6). Piglets born
to primiparous and multiparous sows receiving feed with FRSM had a significantly
higher WBC count (P<0.001), including LYM count (P = 0.007), with a significantly
lower count of NEU and NEU:LYM ratio (P = 0.025; P = 0.040, respectively). In
blood plasma of piglets born to sows receiving a diet with FRSM higher 1gG and
116 level (P<0.001, both) was noted compared to piglets born to sows from control
group (Table 7).

Effect of reproductive cycle

Multiparous sows compared to primiparous sows had higher CAT activity
(P<0.001), and higher vitamin C, LOOH, CREAT, and IgM content (P<0.001; P =
0.005; P<0.001; P<0.001, respectively) (Table 2, 3). Elevated FRAP (P = 0.011) and
CREAT (P<0.001) levels and reduced MDA content (P = 0.001) were also observed
in the plasma of the multiparous sows compared to primiparous sows during lactation
(Table 4). Multiparous lactation sows compared to primiparous sows had a signifi-
cantly lower WBC count (P = 0.006), and IgG and IgM content (P<0.001; P = 0.001,
respectively) (Table 5). Piglets born to multiparous sows had higher FRAP values
(P=0.049), LOOH content (P = 0.046) and IgA (P = 0.009) content while lower MDA
content (P = 0.041) compared to piglets born to primiparous sows (Table 6, 7).
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Interaction FRSM X reproductive cycle

Two-way ANOVA showed FRSM x reproductive cycle interactions for BIL
level (P<0.001), IgA level (P = 0.041), WBC (P = 0.037), LYM (P <0.001), MID
(P=0.005), NEU count (P=0.007) and NEU:LYM ratio (P <0.001) in blood plasma
of pregnant sows. Multiparous pregnant sows receiving feed with FRSM (E,) had
lower BIL level than multiparous pregnant sows from control group (C,). Such an ef-
fect was not observed in primiparous pregnant sows (Table 2). Primiparous pregnant
sows receiving feed with FRSM (E,,) had higher WBC, LYM count, and IgA level
and lower MID, NEU count and NEU:LYM ratio than primiparous pregnant sows
from control group (C_). Such an effect was not observed in multiparous pregnant
sows (Table 3).

Two-way ANOVA showed also FRSM X reproductive cycle interactions for
UREA (P =0.012), BIL (P<0.001), and IgA content (P = 0.001) in blood plasma of
lactation sows. Primiparous lactation sows receiving feed with FRSM (E ) had lower
UREA level than primiparous lactation sows from control group (C). Such an ef-
fect was not observed in multiparous lactation sows (Table 4). Multiparous lactation
sows receiving feed with FRSM (E,) had higher BIL and IgA level than multiparous
lactation sows from control group (C,). Such an effect was not observed in primipa-
rous lactation sows (Table 5).

Table 8. Correlation coefficients between the content of IgG, IgA and IgM in blood plasma of pregnant
sows, lactating sows and colostrum and their content in piglet’s blood plasma

| C, | E, Cq Eg

Pregnant sows vs piglets

1gG —0.876%* 0.643* 0.906* 0.849*

Iga —-0.300 0.620* —0.786* —0.457

IgM 0.844* —0.682 —0.122 0.339
Lactating sows vs piglets

1gG 0.281 0.791* —0.119 0.797*

Iga 0.536 —0.689 —-0.036 —-0.337

IgM 0.220 0.481 —0.071 —0.020
Colostrum!' vs piglets

1gG 0.202 0.800* 0.474 0.002

IgA -0.270 0.776* 0.154 0.081

IgM —0.730% 0.703* —0.298 0.376

“Correlation is significant at P<0.05.
'The results for calculating this correlation were taken from the publication by Grela et al. (2019) presenting
results from the same experiment.

The assessment of the correlation coefficient between the content of IgG, IgA and
IgM immunoglobulins in the blood plasma of primiparous sows receiving FRSM
(E,) and the amount of these immunoglobulins in the blood plasma of piglets from
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E,, sows shows that there was a significantly positive correlation between IgG and
IgA. A significant positive correlation regarding IgG was found in multiparous sows
vs piglets in both the Cg and E groups. In the group of sows receiving fermented
rapeseed meal (E; and E,), a significantly positive correlation was also found be-
tween the amount of IgG in the blood plasma of lactating sows and the amount of
these immunoglobulins in the blood plasma of piglets. Moreover, a significant posi-
tive correlation was also found in the case of the content of all analyzed immuno-
globulins between their content in the colostrum from the element receiving FRSM
(E,) and the blood plasma of piglets from these sows (Table 8).

Discussion

The addition of FRSM component in diets significantly improves production pa-
rameters, mainly in primiparous gilts, leading to an increase in litter size and in litter
weight at 28 d of age. It also helps to improve the digestibility of crude protein, fat
and crude fiber (especially gilts during late pregnancy) and stimulates the immune
system, which improves the health of piglets, reducing diarrhoea severity (Grela et
al., 2019). The inclusion of fermented components in diets as a source of probiotic
microorganisms (lactic acid bacteria), as well as short-chain fatty acids (including
lactic acid), facilitates digestive tract function and improves nutrient availability
(Wang et al., 2012). Research conducted by Grela et al. (2019) shows that the addi-
tion of a fermented rapeseed component to diets helped to improve the digestibility
of crude protein (by up to 2.6%), fat and crude fibre and positively affected the
gut microbiota of sows (especially gilts during late pregnancy). This is especially
important in sows during pregnancy and lactation, which are often accompanied
by a limited capacity for food intake (Guillemet et al., 2006). This is due in part to
stress resulting from the body’s adaptation to changes in its physiological condition,
accompanied by significant hormonal changes. Dynamic adaptive changes (anatomi-
cal, physiological and metabolic) taking place in sows during pregnancy, farrowing
or weaning lead to oxidative stress, manifested by the generation of excessive reac-
tive oxygen species (ROS). ROS not only can damage protein, lipid or DNA struc-
tures, but may cause gastrointestinal disorders as well (Yin et al., 2014).

Supported by exogenous antioxidants derived from fermented feed, the endog-
enous antioxidant system can compensate for excessive lipid peroxide production
in the perinatal period and effectively protect against the effects of oxidative stress
(Castillo et al., 2005). The increase in CAT activity in lactating sows fed a diet with
FRSM and their piglets, as well as the increase in the FRAP in our experiment, re-
flects an improvement in their antioxidant status. The increase in FRAP induced by
the addition of the fermented component coincided with higher plasma concentration
of vitamin C. It follows that the increased concentration of low-molecular-weight
antioxidant was an important factor determining the total antioxidant potential of
the plasma and thus the ability to scavenge free radicals. The effect of the fermented
component on the content of other low-molecular-weight antioxidants that make up
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the FRAP value, such as UREA, CREAT or BIL, as well as on the activity of the
antioxidant enzyme superoxide dismutase (SOD), was unclear (Ceriello et al., 1997).
Stecchini et al. (2001) suggest that this may be due to the type of probiotic bacteria
used, e.g. for the fermentation process. Most of them are involved in the synthesis
of superoxide dismutase, which breaks down superoxide radicals to oxygen and hy-
drogen peroxide. Some species of lactic acid bacteria can synthesize catalase, which
destroys hydrogen peroxide very rapidly and blocks the formation of peroxyl radi-
cals (Knauf et al., 1992). Other species of lactobacilli produce non-enzymatic anti-
oxidants, such as glutathione and thioredoxin, which are involved in the reduction
of reactive oxygen intermediates (De Vos, 1996). Studies by Cai et al. (2014) and
Wang et al. (2012) have found a greater ability to scavenge free radicals, including
an increase in the activity of antioxidant enzymes, in the blood plasma of suckling
and weaned piglets following the introduction of Lactobacilli sp. to the diet of sows.

Oxidative stress during pregnancy may result in impairment of the female im-
mune system, which directly affects immunity in the offspring (Casanueva and Vi-
teri, 2003). This effect was seen in our experiment in the control piglets (reduced
lymphocyte count in favour of neutrophils and reduced plasma IgG titres). Weaken-
ing of the immune system may contribute to more frequent inflammation, leading to
the activation of macro- and microphages, which produce large amounts of reactive
oxygen species while fighting pathogens (Casanueva and Viteri, 2003). This can be
slowed by supporting the immune system, e.g. with properly selected feed compo-
nents. The addition of antioxidants or probiotics (Liu et al., 2018) or, as in our experi-
ment, the inclusion of a fermented component in the diet, supports the production of
lymphocytes and IgA and IgG immunoglobulins in pregnant sows. The stimulation
of immune processes noted in both pregnant and lactating primiparous sows fed
a diet with dried fermented rapeseed meal and in their piglets resulted in an increase
in the number of lymphocytes produced in the bone marrow and entering the blood.
The increase in lymphocyte counts in pregnant primiparous sows was accompanied
by an increase in the level of class A secretory immunoglobulins. However, there
were no changes in the level of IgM, whose role in the protection of mucous mem-
branes is much smaller than that of IgA (Nagler-Anderson et al., 2001). These two
immunoglobulins are closely linked and dependent on the continuous stimulation of
mucosal immune cells by commensal intestinal bacteria, including lactic acid bac-
teria (Lactobacillus), such as those supplied with fermented feed (Nagler-Anderson
et al., 2001). Studies by Campbell et al. (2013) indicate stimulation of the immune
system to synthesize immunoglobulins, at both the local and systemic level, follow-
ing the introduction of lactic acid bacteria into the body (e.g. with fermented feed).
A high immunoglobulin titre in piglets may result from intensive utilization of ma-
ternal immunoglobulins, a higher immunoglobulin titre in the colostrum, or an im-
mune response to an infection (Cai et al., 2014). This is highly beneficial, especially
for newborn piglets, because their intestinal microbiota is not yet fully developed,
and they lack their own specific immunity to protect them against environmental
infections (Czech et al., 2010). Piglet resistance to infection is transmitted through
the placenta and later the mother’s milk, so an improvement in the sow’s immune
status improves immunity in her offspring (Czech et al., 2010; Grela et al., 2019).
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Our study indicated a significantly positive correlation between the content of immu-
noglobulins of both IgG, IgA and IgM classes in the colostrum of primiparous sows
versus their content in the blood plasma of their piglets. In the colostrum of sows
fed a diet including dried fermented rapeseed meal (Grela et al., 2019), a significant
increase in the level of IgG by approx. 31% in multiparous and 40% in primiparous
sows and IgM by about 2% in multiparous and 23% in primiparous sows was noted.
This corresponded to a higher titre of these immunoglobulins in the blood plasma
and was consistent with a study by Rooke and Bland (2002). Fermentation of rape-
seed meal is an effective way to increase the level of lactic acid in diets, as well as to
stimulate the immune system, which improves the health of piglets, reduce diarrhoea
severity (by 72% in piglets born to multiparous sows and by 145% in piglets born to
primiparous sows) and mortality (by 9.4% in piglets born to multiparous sows and
by 141% in piglets born to primiparous sows) (Grela et al., 2019).

Conclusion

The inclusion of dried fermented rapeseed meal in the diet of sows stimulates
antioxidant processes in primiparous and multiparous sows and in their piglets. This
is responsible for stimulation of the immune system (increased LYM counts and IgG
titres in the blood plasma). The inclusion of FRSM in the diet may be decisive in the
maintenance of a specific balance between the humoral and cellular response, thus
limiting the development of inflammation and atopy and enhancing immunoglobu-
lin synthesis in the mother’s body. Diet prepared with fermented rapeseed meal for
pregnant sows, and especially lactating sows, also significantly improves acquired
immunity by the offspring, as seen in the significant increase in IgG titres in the
blood plasma. Our research on the use of dried fermented rapeseed meal in the diet of
sows, particularly primiparous sows, is very promising. The use of greater amounts
of this component in feed should be considered so as to limit the use of GMO plants.
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