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Abstract

The germinated seeds of many plants are a natural source of substances that can be used to supplement food and increase
its functionality. The seeds’ metabolism may be modified during germination to produce specific health-promoting com-
pounds. Fagopyrum esculentum Moench is a rich source of nutrients. Buckwheat seeds modified during germination may
be helpful as an additive to new functional food products with anti-atherogenic properties. However, their effect and safety
should be assessed in in vivo studies. The aim of the study was to evaluate the effect that adding modified buckwheat sprouts
(Fagopyrum esculentum Moench) to an atherogenic (high-fat) diet has on the morphology and digestibility parameters of
rats. Buckwheat seeds were modified by adding the probiotic strain of the yeast Saccharomyces cerevisiae var. boulardii.
The study was carried out on 32 Wistar rats, and digestibility and blood counts were assessed during the experiment. There
was no evidence of an adverse effect on the animals' weight gain and nutritional efficiency. However, the influence of diets
with freeze-dried buckwheat sprouts on digestibility and morphological parameters was noticed. Fat digestibility registered
a statistically significant decrease in the groups fed a high-fat diet with the addition of sprouts. The study shows a new direc-
tion in the use of buckwheat sprouts.

Keywords Apparent digestibility - Morphological analysis - Fagopyrum esculentum Moench - Saccharomyces cerevisiae
var. boulardii - Pseudocereals

Abbreviations HFDPRS Modified AIN-93M diet by adding lard and
AIN-93M Standard diet modified buckwheat sprouts lyophilisate
AIN-R A group of rats fed the AIN-93M diet HFDPRS-R A group of rats fed the HFDPRS diet
BASO Basophils HGB Hemoglobin
EOS Eosinophils LYM Lymphocytes
HCT Hematocrit MCH Mean blood hemoglobin concentration
HFD High-fat diet MCHC Mean blood hemoglobin
HFD-R The group fed the HFD diet MCV Mean red blood cell volume
HFDCS Modified AIN-93M diet by adding lard and MONO Monocytes
buckwheat sprouts lyophilisate NEU Neutrophils
HFDCS-R A group of rats fed the HFDCS diet PLT Thrombocytes
RBC Red blood cells
WBC White blood cells
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phenolic acids, tannins, phytosterols and phagopyrins, which
can be found in the grain and husk of buckwheat [1]. It is
usually used in grains and ground form, which is processed
into other food products, such as pasta and bread. Further-
more, sprouting is an integral part of the cultivation process,
resulting in sprouts with a nutritional value different from
the seeds mentioned above [1, 2].

Sprouting is a method of improving a product's nutritional
value and functionality. During this process, several changes
occur in the raw material. For example, Yiming et al. [1]
showed that the content of total flavonoids increased during
the sprouting process. However, other studies have shown
that fats, proteins, and starch are broken down into com-
pounds that are a source of energy and substrates from which
newly synthesized compounds are formed [1, 3-5].

The search for new functional products sets the trend for
the industry and creates the need to check and confirm their
pro-health effects. One of the products that can be used as
an element of functional food are pseudocereals. Due to
their excellent nutritional value, they have been referred to
as "grains of the twenty-first century". They are rich in pro-
tein with a high biological value, starch, trace elements or
a group of bioactive ingredients (saponins, phenolic com-
pounds, phytosterols, phytoecdysteroids, polysaccharides,
betalains and bioactive proteins and peptides). They also
have a well-balanced amino acid composition [6-8].

Buckwheat protein was found to be poorly digestible, despite
its high biological value. The poor digestibility and thus avail-
ability of buckwheat proteins is mainly caused by the high level
of protease inhibitors (substances that inhibit the activity of
proteolytic enzymes) and tannins (vegetable tannins, organic
chemical compounds). A special feature of buckwheat kernels
is the specific combination of phenolic compounds with pro-
teins, which may reduce their enzymatic availability. One of the
methods of improving digestibility may be the partial reduction
of tannins, flavonoids or phenolic acids due to roasting and ther-
mal deactivation of trypsin inhibitors [8—13].

Digestibility is essential in interpreting the quality of the
nutrients the body digests. In practice, this is the difference
between the amount of nutrient ingested and the amount pro-
duced in the stools. Food processing alters molecular, supramo-
lecular structures, allowing digestive enzymes to access nutrients
more easily. Consequently, it should improve the digestibility of
the food. Germination or technological changes of grains cre-
ate opportunities to obtain new sources of functional food rich
in health-promoting substances. The nutritional composition of
a sprout depends on factors such as the type of sprout and the
germination conditions. Many biochemical changes occur in the
germination process, thus affecting the nutritional value of the
raw material. During this process, a large number of hydrolytic
enzymes are synthesized or released, which degrade anti-nutri-
tional factors or hydrolyze what might be termed biopolymers,
e.g., proteins [5, 10, 14, 15].
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On the other hand, adding sprouts to a product, for exam-
ple, may change its nutritional value. Alvarez-Jubete et al. [16]
observed that the baking process had a negative effect on the
antioxidant properties of bread. Bread with the addition of buck-
wheat sprouts had a much higher total phenol content as well
as a higher antioxidant capacity than the wheat bread used as a
control [16]. In another study, adzuki bean sprouts and lentils
were enriched and used as carriers for Saccharomyces cerevi-
siae var. boulardii. The authors found that the resulting sprouts
enriched with S. cerevisiae var. boulardii were a new functional
food product [17].

The yeast Saccharomyces cerevisiae is a very good model
system for studying the function-gene relationship, e.g., in fatty
acid metabolism, as Trotter [18] reports. Fatty acids are broken
down by yeast only in peroxisomes. In contrast, genes encod-
ing core as well as helper peroxisomal $-oxidation enzymes
have recently been identified. The de novo fatty acid profile of
yeast is characterized by a majority of saturated and monoe-
noic acids (containing 16 and 18 carbon atoms). However,
approximately 1-2% of total fatty acids synthesized are fatty
acids containing 20-30 carbon atoms [18, 19]. Modifying
seeds by adding a probiotic yeast strain had a beneficial effect
on the change in fatty acid composition (reduction in saturated
fatty acids in favor of polyenic fatty acids) [20, 21]. It can
also change the bioavailability of ingredients, as well as their
quantity, e.g., protein [22].

Taking into account the above information, the following
hypotheses were put forward: 1/ the modification of sprouts
affects the digestibility of selected macronutrients and dry
matter; 2/ a diet with probiotic-rich sprouts affects the nutri-
tional parameters of the rats fed with it.

The aim of the study was to evaluate the effect of adding
modified buckwheat sprouts (Fagopyrum esculentum Moe-
nch) to an atherogenic (high-fat) diet on the morphology
and digestibility parameters of rats. Buckwheat seeds have
been modified by adding the probiotic strain of the yeast
Saccharomyces cerevisiae var. boulardii.

Materials and Methods

The material and methods section is presented as supple-
mentary material 1.

Results and Discussion

Table 1S (in Supplementary Material 1) shows the energy
and nutritional value of the dry matter in the experimen-
tal diets. The AIN-93M diet had the highest energy value
(2.28 MJ/100 g), and the high-fat diet (1.85 MJ/100 g) had
the lowest. Protein content was highest in the AIN-93M
group, followed by HFDPRS > HFD > HFDCS. However,
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the AIN-93M diet was characterized by 70.1% lower fat
content compared to the HFD diet.

The HFD, or a high-fat (atherogenic) diet, is a modi-
fied AIN-93M diet containing the addition of lard. Lard
was added to the diet to induce inflammation in the rat's
body. The addition of lard to an atherogenic diet may cause
inflammation in rats, as confirmed by Molska et al. [21].
The CRP index in the group with the addition of lard was
higher than in the AIN control group [21]. Overall, a high-
fat diet triggered the development of metabolic syndrome,
which includes oxidative stress, the onset of atherogenic
dyslipidemia, pro-inflammatory and pro-thrombotic states,
high blood pressure, central obesity, and cardiovascular dis-
ease [23].

Energy value, fat, protein, and carbohydrate content were
statistically significant different between all diets. The addi-
tion of lard increased the amount of fat in the high-fat diets
compared to the AIN-93M diet. The HFDPRS diet was char-
acterized by a statistically lower content of carbohydrates
compared to the HFDCS diet. It was found that the addition
of sprouts increased the carbohydrate content in the groups
fed with the HFDCS and HFDPRS diets compared to the
group fed with the HFD diet. Noticeable differences in the
carbohydrate content in the diets tested could result from
yeast activity, which can break down starch [24]. In Molska
et al. [21], starch content in modified buckwheat sprouts was
lower than in the control sprouts. However, what should be
emphasized is that the amount of resistant starch was higher
[22].

The type of nutrition has a significant impact on the nutri-
tional status. In the present study, the digestibility of rats was
assessed between 19 and 28 days and the data obtained are
presented in Table 1 and Fig. 1.

Table 1 Nutritional parameters of animals fed experimental diets

All the rats were weighed at the beginning of the 10-day
digestibility study period. The rats that consumed the HFD
diet had the lowest body weight, followed by those in the AIN-
93M-R, HFDCS-R, and HFDPRS-R groups, respectively. The
greatest weight gain was observed in the AIN-93M-R control
group, followed by the HFDPRS-R, HFDCS-R and HFD-R
groups. During the experiment, rat feces were collected daily,
and at the end of the experiment, it was weighed and dried.
It was found that the smallest amount of fecal dry matter was
excreted by rats consuming the AIN-93M diet. This value was
68.86% lower than the rats consuming the HFDPRS diet. In
the case of fecal water content, the highest water content was
found in the faeces of rats consuming the diet without any
additives, and the lowest in rats consuming the HFDPRS diet
(45.40% lower value).

A statistically significant difference in dietary consump-
tion was observed between the AIN-93M-R group and the
other groups. However, there were no statistically significant
differences between the consumption of individual high-fat
diets (HFD, HFDCS, HFDPRS).

The energy from the diet consumed was com-
parable between the study groups and ranged from
3.65-3.78 MJ/10 days of consumption. An intestinal transit
study was carried out during the experiment. The times for
the individual groups AIN-93M-R, HFD-R, HFDCS-R and
HFDPRS-R are presented in Table 1. Feeding the rats a diet
with the addition of lyophilisate control sprouts or probiotic-
rich sprouts had no adverse effect on body weight gain or
food efficiency. On the other hand, a higher ratio of body
weight to length was noted in the rats in the groups supple-
mented with sprouts (Table 1).

Clinical trials and mechanistic studies on isolated as well
as extracted fibers showed a promising regulatory effect on

Parameters Groups of rats

AIN-R

HFD-R HFDCS-R HFDPRS-R

Initial body weight on the beginning of 266.13+31.67°

digestibility (g)

Food intake (g/10 days) 207.08 +16.78°
Energy intake (MJ/10 days) 3.69+0.29*
FER 0.17+0.05*
Weight-to-length ratio (g/cm) 12.82+0.81%
Body weight gain (g/10 days) 36.25+13.30%
Fecal excretion (g/10 days) 8.81+0.57*
Fecal excretion (g dry matter/10 days) 6.15+0.44*
Water excretion in feces (g/10 days) 30.00+0.01¢

Passage time (min) 791.50+111.00*

255.63 +£20.84% 289.75+21.51° 292.13+16.15°

170.64 + 15.00° 184.84 +8.10° 184.83+4.40°
3.65+0.32° 3.76+0.16 3.78 +0.09*
0.17 +0.03 0.18+0.03? 0.18+0.03

12.00+0.87° 13.3940.73° 13.46 +0.40°
29.63+7.10° 32.50+6.00% 33.63+5.83%
24.40+4.15° 26.08 +3.20° 23.65+1.03°
20.20+3.12° 20.23 +2.65° 19.75+0.76°
16.66+0.01* 21.99 +0.04° 16.38 +£0.02°
687.50+28.00° 774.00 + 125.00° 752.50 + 111.00*

Data are mean =+ standard deviation. Values with the same superscript letter in each row are not significantly different (P <0.05). AIN-R A group
of rats fed the AIN-93M diet; FER Food efficiency ratio; HFD-R The group fed the HFD diet; HFDCS-R A group of rats fed the HFDCS diet;

HFDPRS-R A group of rats fed the HFDPRS diet
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Fig. 1 Determination of digest-
ibility indexes. Data are mean @ Apparent digestibility of dry mass B Apparent digestibility of protein
+ standard deviation. Values X Apparent digestibility of fat
with the same superscript letter S
. o . . wn o\
in each row are not significantly @ 22100 - - 120
different (P < 0.05). 1: AIN- g .8 Z
R; 2: HFD-R; 3: HFDCS-R; B2 98 N N - 100 E
o = =
4: HFDPRS-R; AIN-R: a group o a g
of rats fed the AIN-93M diet; C; g 961 B L 80 s
HFD-R: the group fed the HFD =_ 2 04 - . 8
diet; HFDCS-R: a group of rats RSB ;‘; L 60 g
fed the HFDCS diet; HFDPRS- 275 o - F
R: a group of rats fed the =y & L 40 2,
HFDPRS diet ; 5 90 - 2
+~ 3 e
5 5 s ) 20 =
=5 s 4
< B 0
< 0 1 2 3 4 5
Parameters AIN-R HFD-R HFDCS-R HFDPRS-R
Apparent 98.75 £0.01° | 87.40 +0.02% | 89.02 +0.01°® | 89.25 +0.01°
digestibility of dry
mater (g/100 g)
Apparent 95.00 £0.01° | 78.54 +0.04° | 75.51 £0.01* | 75.03 £0.01°
digestibility of
protein (g/100 g)
Apparent 99.00 £0.01° | 98.57 £0.01° | 98.14+0.01? 98.14+ 0.01*
digestibility of fat
(g/100 g)

the gut (e.g., digestion and absorption, transit time, stool
formation) [25]. The publications contain information
showing the increase in stool weight significantly reduces
its passage time [26]. This may be due to the presence
of dietary fiber in the raw material. In this study, such a
situation was noted. Compared to the AIN-93M-R group,
where the total amount of feces was 8.81 g/10 days, the
passage in the HFD-R group was significantly shorter and
the total amount of feces was 24.4 g/10 days. In diets with
lyophilisate of sprouts, the passage time was shorter than
in the AIN-R group. The amount of feces in these diets was
26.08 g/10 days in the HFDCS-R group and 23.65 g/10 days
in the HFDPRS-R group. The faster movement of undi-
gested food through the gastrointestinal tract reduces the
contact with the intestinal walls, reduces the time of action
of digestive enzymes, and may also reduce the risk of
colorectal cancer, for example. Such a protective effect is
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demonstrated by the soluble fraction of dietary fiber, a com-
ponent found in buckwheat. The dietary fiber content is sig-
nificantly higher in buckwheat seeds compared to amaranth
and quinoa, which have fiber levels comparable to those in
regular cereals. According to the literature data on Tartary
buckwheat, the total content of dietary fiber (TDF) in seeds
is 26%, and soluble (SDF) and insoluble (IDF) 0.54% and
24%, respectively [27-29].

In order to characterize the biological properties of
probiotic-rich sprouts, their effect on laboratory animals
was analyzed based on selected digestibility indexes.
Protein digestibility was 95.00+0.01 (%) in the group fed
with the AIN-93M diet. In subsequent groups, the values
were, respectively: 78.54 +0.04% (HFD-R), 75.51 +£0.01%
(HFDCS-R), 75.03+0.01% (HFDPRS-R). There are
statistically significant changes between the food groups
of diets with added sprouts and HFD and AIN-93M.
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Ta.ble 2 Ipﬂuence of.thf: di.ets Parameters Groups of rats

with or without probiotic-rich

sprouts on morphological AIN-R HFD-R HFDCS-R HFDPRS-R

parameters in rats
WBC G/l 570+ 1.60° 4.18 +1.00% 3.91+0.94° 4.10+1.30®
NEU G/1 0.44+0.08 0.34+0.10° 0.33+0.07° 0.32+0.12°
LYM G/l 5.12+1.67° 3.45+0.70% 3.37+0.87* 3.63+£1.19®
MONO G/l 0.21+0.07° 0.19+£0.07% 0.17£0.07% 0.11+0.04
EOS G/l 0.01+0.02° 0.01+0.01° 0.01+0.01° 0.02+0.01°
BASO G/l 0.06+0.02° 0.02+0.02? 0.03+0.03® 0.05+0.02%
RBC T/l 7.89+0.14° 7.47+0.25° 7.50+0.33 7.53+0.30°
HGB g/l 146.00 +4.41° 139.88 +4.22% 137.50+5.01* 139.25 +4.83*
HCT 111 0.47+0.02° 0.45+0.01% 0.44+0.02° 0.45+0.02%°
MCV fl 59.28 +1.69° 60.76 +1.44° 59.23+1.53° 59.6+1.14*
MCH pg 18.51+0.40° 18.74+0.55° 18.35+0.49° 18.51+0.53°
MCHC g/l 312.25+3.54 308.13 +6.24° 309.75 +3.54° 310.75 +5.90°
PLT G/l 862.38 +174.61° 835.17+95.09° 891.00+143.59* 926.86 +70.80°

Data are mean +standard deviation. Values with the same superscript letter in each row are not significantly
different (P <0.05). AIN-R A group of rats fed the AIN-93M diet; BASO Basophils; EOS Eosinophils; HCT
Hematocrit; HFD-R The group fed the HFD diet; HFDCS-R A group of rats fed the HFDCS diet; HFDPRS-R
A group of rats fed the HFDPRS diet; HGB Hemoglobin; LYM Lymphocytes; MCH Mean blood hemoglobin
concentration; MCHC Mean blood hemoglobin; MCV Mean red blood cell volume; MONO Monocytes NEU
Neutrophils; PLT Thrombocytes; RBC Red blood cells; WBC White blood cells

Protein digestibility in the diets supplemented with sprouts
decreased by 19.49 g/100 g (HFDCS) and 19.97 g/100 g
(HFDPRS) compared to the AIN-93M diet.

Fat digestibility is lower in the groups with the addi-
tion of sprouts compared to the AIN-93M and HFD diets
(statistically significant difference).

Table 2 shows the effect of feeding rats with a diet with
the addition of lyophilisates of sprouts on blood mor-
phological parameters. There were slight changes in the
levels of these parameters.

In the case of rats in the AIN-R group, most morphologi-
cal parameters were lower in the HFD-R, HFDCS-R, and
HFDPRS-R groups. Morphology allows the health status
of rats to be assessed. It focuses primarily on the system
of red, white blood cells, platelets and the so-called eryth-
rocyte indices. In the HFDPRS-R and HFDCS-R groups,
compared to the HFD-R and AIN-93M groups, a decrease
was noted in the WBC index, which indicates the num-
ber of leukocytes. This may suggest, inter alia, stress and
malnutrition.

Changes in the number of red blood cells and hemoglobin
in the groups fed the atherogenic diet with the AIN-93M diet
may indicate possible anemia in the rats. Taking into account
the information presented above, it should be noted that the
addition of the lyophilisate of probiotic sprouts could be a
factor that improved the values of morphological parameters
in the HFDPRS-R group, compared to the rats fed a high-fat
diet (HFD-R).

Conclusion

These results show that feeding the rats an atherogenic diet
with the addition of probiotic-rich sprouts did not affect
weight gain or nutritional efficiency. In the parameters of
fat digestibility, there are statistically significant differences
between rats fed with the addition of sprouts and those fed
with AIN-93M and HFD diets. In addition, diet with lyophi-
lized probiotic-rich sprouts influenced the values of morpho-
logical parameters.

Therefore, research should be extended to confirm the
impact of modified buckwheat sprouts on digestibility, e.g.,
in humans. The current trend of searching for new functional
raw materials offers many opportunities for both technolo-
gists and dieticians. This research gives a new direction for
the use of buckwheat sprouts as the raw material.
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