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The high intake of refined sugars, mainly fructose has been implicated in the epidemiology of metabolic diseases in
adults and children. With an aim to determine whether honey can substitute refined sugars without adverse effect, the long-
term effects of natural honey and cane syrup have been compared on visceral morphology in growing rats fed from neonatal
age. Honey increased the caecum and pancreas weights in male rats, which could enhance enzymatic activities of pancreas
and digestive functions by intestinal microflora of caecum. Unlike honey, cane syrup caused fatty degenerations in the liver
of both male and female rats. Honey enhanced intestinal villi growth, and did not cause pathology in the rodents’ abdominal
viscera, suggesting potential nutritional benefit as substitution for refined sugars in animal feed.
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Consumption of fructose-rich diets alters gastro-
intestinal functions' with consequent morphological
and physiological changes in the visceral organs®. The
lifestyle of modern day persons, especially children
involve a high intake of junk and fast foods with
added sugars, mainly sucrose and high fructose corn
syrup’. The culpability of these two sources of dietary
fructose in the epidemiology of kidney,
cardiovascular and metabolic diseases is well
established"*. Natural honey (NH) is a sweet and
flavoured natural product with high nutritive value’,
while cane syrup is a thick, amber-coloured
artificially refined sucrose-rich syrup derived from
sugar cane. Both honey and cane syrup are liquid
foods containing mainly fructose as sugars. Their
dietary effects have been extensively investigated in
adult animal models®”. However, there is a dearth of
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literature on the long term effects of these two
substances in neonates. There is anecdotal report
encouraging the feeding of honey to newborn babies,
supported by cultural and traditional practices’. The
inclusion of refined sugars in infant formula has also
been documented'’. The gastrointestinal tract (GIT) is
the first contact point for food and other orally
administered substances. When food materials are
ingested, the structural integrity of the GIT can be
affected, and consequently influence the GIT’s
functional aspects. The structure of the GIT can also
change in response to different dietary constituents,
which can enhance functional or physiological
changes in intestinal and visceral organs such as
cellular growth and functions of intestinal
transporters'', with consequent increase in size'”. The
GIT is a potent source of regulatory peptides', such
as cholecystokinin, secretin, gastrin, ghrelin and
motilin'*, The presence of food in the duodenum
stimulates production of the intestinal hormone,
cholecystokinin which stimulates exocrine pancreatic
activity, leading to the secretion of an array of
hydrolytic enzymes. Dietary manipulations during the
peri-natal suckling period have long lasting and
apparently irreversible effects on some transport
mechanisms in the GIT''. The few available data on
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honey-fed young animals commence with weaned
animal models™", and do not take cognisance of
possible gender differences. This study compared the
long term effects of two main sources of dietary
fructose [natural honey (NH) and golden syrup] on
the abdominal visceral organs of growing male and
female Sprague-Dawley rats.

Materials and Methods

Animals—Neonatal (7-day old male and female)
Sprague-Dawley rats (59) with a mean body weight of
17.940.28), (range 14-22) g from six dams supplied
by Central Animal Services, University of the
Witwatersrand, Johannesburg, South Africa were used
for the study. The pups with their respective dams
were housed as a family in solid bottom plastic cages
(425 x 270 x 140 mm) with beddings of wood
shavings. They were placed on a 12 : 12 h light-dark
cycle (lights on 0700-1900 hrs) and environmental
temperature of 22+2 °C. The dams were given
commercial rat feed (CRF) (Ep01®, Johannesburg,
South Africa) and tap water ad libitum.

Dietary supplements—The supplements used for
the dietary treatments were cane syrup in the form of
golden syrup (GS golden syrup®, GS (Illovo Sugar
Ltd, Illovo, Natal 4150, South Africa); natural honey
(monofloral Sunflower honey®, Willy’s B Farm,
Eikenhoff 1872, South Africa) and distilled water.

Study design—The study was approved by the
Animal Ethics Screening Committee (AESC approval
number-2010/29/2B) of the University of the
Witwatersrand, South Africa. It was also performed
according to the humane handling rules contained in
the “Guidelines for the use and care of animals in
Experimental, Education and other Scientific
Procedures” of the University of the Witwatersrand,
South Africa. The study involved dietary treatments
with natural honey or cane syrup which were given to
the rats up to 13 weeks of age. The pups in each litter
were randomly divided into five male groups, with
replication of five female groups as well.

Dietary treatments—The pups were administered
with 0.1 mL of either distilled water, or GS or NH
according to their respective dietary treatments for the
first three days of the study (age 7-9 days), in order to
familiarise them with the experimental procedures of
handling and gavaging. The pups were later
administered with either a low or high dose of the
treatments (NH or GS) once a day, from day 10 to 21
postpartum as per their groups.

The groups were: Group 1: control, distilled water;
Group 2: golden syrup low (GSL); Group 3: natural
honey (NHL); Group 4: golden syrup high (GSH);
Group 5: natural honey high (NHH). The low doses
were given at 10 mL kg™ of 50% solution, whilst high
doses were given at 20 mL kg of 50% solution once
a day by oral gavaging using a plastic orogastric
gavaging needle and 1mL hypodermic syringe. The
dilution of the golden syrup and honey was done so as
to avoid gavaging the young rats with thick
substances that could clog their respiratory tracts. The
pups were kept with their respective dams to suckle
between gavages and weighed daily before weaning
to monitor growth. There were six rats in each group
except NHH females group that had five animals, due
to unequal number of littermates produced by the
dams. In the undiluted form, the substances used were
iso-caloric and each had less than 0.5% protein
content (Table 1). The proximate analyses shown in
Table 1 were as determined by the South African
National Accreditation Systems (SANAS) accredited
Analytical laboratory (Irene Analytical Services,
Agricultural Research Council, South Africa).

The rats were weaned at 22 days of age, and the
dams were returned to stock. The weaned rats were
then housed in pairs in the solid bottom plastic cages
(425 x 270 x 140 mm) provided by Central Animal
Services. The experimental animals were placed on a
12 h L: D cycle (lights on 0700-1900 hrs) and
environmental temperature of 22+2 °C. The solutions
were then added to the commercial rat feed (CRF) at
the rate of 20% of the diet (v/w) for the low dose
groups, while high dose groups had 50% solutions
mixed with their respective diets (v/w). The CRF
group had tap water added to its diet post-weaning as
20% of the diet (v/w). All the experimental rats were
supplied with tap water ad libitum for drinking.

The diets were prepared daily, weighed and freshly
served in clean ceramic bowls to the animals according

Table 1—Nutritional composition (dry matter basis) of the
undiluted forms of natural honey (NH) and golden syrup (GS)

[Values are mean+SE].

Proximate analyses Natural honey (NH) Golden syrup (GS)

Dry matter (%) 84.08+0.07 83.3840.01
Energy(MJ/kg) 15.56£0.21 15.5540.06
Protein* (%) 0.420.06 0.25+0.05
Fat (%) 0.53+0.01 0.62+0.00
Ash (%) 0.53+0.00 0.170.00

*Obtained by multiplying nitrogen content by the factor of 6.25.
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to their treatment groups. The nutritional composition
of the adult diets as determined by the SANAS
accredited Analytical laboratory (Irene Analytical
Services, Agricultural Research Council, South Africa)
is shown in Table 2. All the diets used were iso-caloric
and dose-matched diets were iso-nitrogenous (Table 2).
The control, CRF diet was also iso-nitrogenous with
low dose-diets. The doses of all the dietary treatments
were within the ranges of previous studies in rats™*">'°,
After weaning, each animal was weighed twice weekly
to monitor body weight.

Visceral organs’ measurements—At the age of 13
weeks, the rats were euthanized by intra-peritoneal
injection of sodium pentobarbitone (150 mg kg')
(Euthanaze®, Centaur Laboratories, Johannesburg,
South Africa), and meticulously dissected for gross
and microscopic morphometric measurements. The
lengths of the small and large intestines were recorded
by dissecting out the intestines and arranging each on
a straight line with minimum stretching on a board"’.
The weight of the abdominal visceral organs was
obtained with Precisa 310M digital balance (Precisa®,
Vadodara, Switzerland).

Portions of the small intestine (from the middle
segment), 1 cm long were fixed in 10% formal saline,
embedded in paraffin blocks, then cut into 8 pm thick
sections, and later stained with haematoxylin and
eosin (H & E) for histological examinations. The
jejunum was used for histology due to its absorptive
importance. Morphometric measurements were done
with an eye piece micrometer mounted on a light
microscope (LM) (Reichert®, Austria) at 100x
magnification. The mean villous height per segment
was estimated as the mean of the measurements
(of 3-5 sections per rat)'®. In an attempt to minimise
the error of under-estimation due to angle and
position of section planes, only the tallest profiles in
each segment were measured'’.

Portions of the caudate lobe of the liver were cut
from each liver sample. The caudate lobe of the liver
was used for consistency of observation because the
histology of the liver is distinct from that of other
organs in that every 3—4 cells (lobules) of it have their
own vessels and their own drainage systems. These
liver sections were also fixed in 10% formal-saline
and later stained with H & E stain to prepare
histological sections of Sum thickness. The sections
were examined and assessed under LM for cellular
damage and fatty degeneration.

Statistical analysis—Data were expressed as mean
+ SE. GraphPad Prism for Windows Version 5.02
(GraphPad Software, San Diego, California, USA)
was used for data analyses. Student’s t-test was used
for the analysis of NH and GS shown in Table 1. One
way analysis of variance (ANOVA) with Neuman-
Keuls post hoc was used as a multiple comparison
test. A P < 0.05 was considered significant for any
observation, unless otherwise stated.

Results

Body weight (BW)—The growth pattern records
showed that the rats in all groups had significant body
weight gain (BWG) from the commencement to the
end of the study at 13 weeks of age (Table 3).
However, the final BW and BWG of the NHL male
group was significantly higher (P< 0.01) than that of
the other male treatment groups, and normal slightly
higher (5.0%) relative to the control, CRF rats (Table 3).
There was no significant difference (P > 0.05) in the
final BW among the female groups, and consequently
the difference in BWG did not attain any significance
(P > 0.05) among the females.

Gross measurements—The absolute weights (g)
and lengths (cm) of the small intestine (SI) and large
intestine (LI) showed significant differences
(P < 0.05) amongst the male as well as the female

Table 2—Nutritional composition (dry matter basis) of control and treatment diets used during the post-weaning period

[Values are mean+SE]

Proximate analyses CRF GSL

Dry matter (%) 74.79+0.09* 83.18+0.22°
Energy(MJ/kg) 16.47+0.04* 17.03+0.24*
Protein* (%) 19.33+1.49° 17.00+0.08*
Fat (%) 3.71+0.01* 4.43+0.03°
Ash (%) 7.740.04* 5.95+0.06"

NHL GSH NHH
83.49+0.21° 76.75+0.48" 76.61+0.02°
16.560.06 17.11+0.19* 17.87+0.01°
17.50+0.46° 11.43+0.57° 11.85+0.30°
3.51+0.02° 2.08+0.02¢ 2.45+0.01°
6.30+0.07¢ 3.72+0.08¢ 4.4240.02°

*Obtained by multiplying nitrogen content by the factor of 6.25; Data in the same row with different superscripts are statistically
significant (P < 0.05); CRF = commercial rat feed; GSL = golden syrup low; NHL = natural honey low; GSH = golden syrup high; NHH

= natural honey high.
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groups (Table 4). However, there were no significant
differences (P > 0.05) in the relative lengths per cent
body weight and weight : length ratio (g cm™) of these
organs (SI and LI) in both sexes (Table 4). There were
gender differences shown in these parameters with the
females having lower values relative to corresponding
male values.

There were significant differences (P < 0.05) in the
absolute (g) and relative (%) weights of the male
abdominal visceral organs namely caecum, pancreas
and visceral fat, while there were no significant
differences in gross measurements of same organs
amongst the female groups (Table 5). The absolute
kidneys’ weight of the male rats at high dose of both
diets (GSH and NHH) were reduced (P < 0.05),
however the relative measurements (%) showed that
there was also no difference (P > 0.05) amongst all
the groups (Table 5).
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Histological assessment of SI and liver
sections—Microscopic examinations of the small
intestinal villi and crypts showed reduced height and
width of the villi, and crypt depth, as well as the SI
villus height : crypt depth ratio in the male rats fed
cane syrup supplements and control rats, relative to the
NHL group (Fig. 1). In the female groups, both diets at
low dose (GSL and NHL) increased (P < 0.05) the SI
villus height and crypt depth than those of the high
dose-diets (GSH and NHH) and control rats (Fig. 2).
The honey fed female rats had normal SI villus width
relative to control (CRF) rats, and higher (P < 0.05)
compared to the GS-fed female rats; whilst the SI
villus height : crypt depth ratio did not differ
(P > 0.05) amongst the female rats.

The hepatic changes observed under the LM were
also recorded in Figs 3 and 4. The rats fed CRF and the
two doses of NH had liver sections showing normal

Table 3—Initial and final body weights (BW), and body weight gain (BWG) of the experimental rats

[Values are mean+SE from animals in each group].

Body weight (g)  Sex CRF GSL NHL GSH NHH
Initial weight (g) M 17.240.31 16.8+0.83 18.0+0.68 18.0+0.83 19.7+0.67
F 17.3£1.05 17.3+0.42 18.0+0.45 17.5+0.56 18.6+0.51
Final weight (g) M 492.248.92% 443.0+9.04 516.7£11.51* 435.7+6.61 426.0+9.75
F 276.843.17 271.545.66 295.848.15 271.5+13.08 282.0£10.60
Weight gain (g) M 475.0£8.76* 426.2+8.34 498.7+11.35% 416.8+5.83 406.3+9.44
F 259.542.58 254.245.94 277.8+£7.89 257.0£13.6 263.4£10.32
*significantly different (P < 0.01) to others along the row.
Table 4—Gross measurements of small intestine and large intestine of the experimental rats
[Values are mean+SE].
Intestine Sex CRF GSL NHL GSH NHH
Small intestine ~ Weight (g) M 8.09+0.30*¢ 9.41+0.57° 9.05+0.20"¢ 8.26+0.13*¢ 7.84+0.30°
F 6.42+0.16* 6.58+0.24* 6.70+0.29* 6.50+0.33* 6.19+0.14*
Length (cm) M 131.75+0.98*  140.75+4.00°  138.33+0.67" 128.00+1.37* 130.50+2.43*¢
F 123.00£2.22*%  130.40+3.84*  124.00£2.06* 124.60+2.90* 113.40+4.86*
Weight: M 0.06+0.00 0.07+0.00 0.07+0.00 0.07+0.00 0.06+0.00
Length ratio (g cm™) F 0.05+0.00 0.05+0.00%* 0.05+0.00* 0.05+0.00% 0.06+0.00
Weight (%) M 1.86+0.04 2.01+0.05 1.96+0.09 1.96+0.05 1.92+0.05
F 2.45+0.09* 2.27+0.17 2.41+0.07* 2.38+0.06* 2.27+0.08
Large intestine ~ Weight (g) M 2.29+0.11*¢ 2.41+0.11>¢ 2.18+0.11*¢ 1.98+0.07* 2.03+0.06*
F 1.60£0.10 1.73+0.08 1.80+0.09 1.82+0.11 1.67+0.05
Length (cm) M 24.00+0.33 23.92+1.03 23.33+0.69 24.3340.71 24.33+0.42
F 20.70+0.73 20.60+0.55 20.20+0.53 20.90+0.77 21.60+0.86
Weight: M 0.10+0.01 0.10+0.00 0.09+0.00 0.09+0.00 0.08+0.00
Length ratio (g cm™) F 0.08+0.00 0.080.00 0.09+0.01 0.09+0.00 0.08+0.00
Weight (%) M 0.53+0.02 0.51+0.02 0.47+0.03 0.47+0.02 0.50+0.01
F 0.61+0.04 0.60+0.05 0.65+0.02 0.67+0.03 0.61+0.03

Data in the same row with different superscripts are significantly different (P < 0.05). *values different at p < 0.05 from the corresponding

values of male group.
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Table 5—Absolute (g) and relative (% BW) weights of the abdominal visceral organs of the experimental rats
[Values are mean+SE].

Organ Unit Sex CRF GSL NHL GSH NHH
Liver g M 11.16+0.34 14.23+0.56* 10.92+0.32 12.57+0.30* 10.24+0.40
F 7.02+0.33P 7.44+0.34P 7.49+0.30° 7.74+0.41° 7.20+0.28"
% M 2.57+0.04 3.03+0.15% 2.7240.13 2.57+0.04 2.51+0.06
F 2.67+0.10 2.55+0.18° 2.70£0.06 2.83+0.05 2.63+0.04
Caecum g M 1.62+0.06 1.45+0.07 1.73+0.05 1.38+0.06 1.49+0.09
F 1.23+0.08 1.1520.06 1.1920.04° 1.18+0.10 1.05+0.04
% M 0.37+0.01* 0.3120.01 0.38+0.02* 0.3320.01 0.37+0.02*
F 0.46+0.02 0.40£0.04 0.43£0.02 0.43+0.03 0.39+0.02
Stomach g M 2.310.10 2.120.08 2.460.13 2.23+0.09 2.33+0.06
F 1.85+0.07 1.72+0.04 1.77+0.05 1.76+0.10 1.61£0.12
% M 0.54+0.03 0.46+0.02* 0.55+0.02 0.52+0.01 0.55+0.02
F 0.71+0.03 0.60+0.05 0.6420.02 0.6420.02 0.60+0.06
Pancreas g M 1.80+0.10 2.200.16* 2.52+0.11% 1.73£0.12 2.25+0.09*
F 1.41+0.08 1.66+0.07 1.68+0.13 1.51+0.22 1.41+0.10°
% M 0.42+0.03 0.47+0.04 0.55+0.03* 0.4120.03 0.56+0.04*
F 0.54+0.03 0.57+0.05 0.61£0.04 0.5420.06 0.52+0.04°
Spleen g M 1.1620.04 1.230.06 1.25+0.06 0.9420.04%* 0.96+0.04*
F 0.93+0.03 0.87+0.01 0.91+0.02 0.88+0.07 0.78+0.02
% M 0.27+0.01 0.26+0.01 0.2740.02 0.2240.01%* 0.23+0.01
F 0.36+0.02 0.30+0.02 0.3320.01 0.32+0.02° 0.29+0.01
Kidneys g M 2.99+0.07 3.21+0.11 3.11+0.13 2.56+0.08* 2.53+0.07*
F 1.960.07" 1.9120.05" 1.95+0.08° 1.95+0.10° 1.82+0.05"
% M 0.69+0.01 0.68+0.02 0.68+0.05 0.60+0.01 0.62+0.01
F 0.75+0.03 0.66+0.05 0.70+0.00 0.72+0.03 0.67+0.03
Visceral fat g M 8.56+0.50 17.70£0.73* 11.11£0.37 15.48+0.85* 10.21£1.04
F 6.68+0.66* 10.25+1.00° 8.17+0.66 10.09+1.32" 9.20+0.92
% M 1.9740.13 3.75+0.14% 2.39+0.07 3.64+0.14% 2.48+0.21
F 2.56+0.28 3.48+0.34 2.96+0.26 3.65+0.36 3.39+0.38

*Data in the same row with superscripts are significantly different (P < 0.05). Pvalue significantly different at P < 0.05 from the
corresponding value of male group.
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Fig. 1—Photomicrographs of male small intestinal villi [(a) CRF, control group; (b) GSL; (c) NHL; (d) GSH; (e) NHH; GSL and NHL villi
height significantly higher than the villi height of GSH, NHH and control rats; NHL villus height significantly higher than the GSL villus

height but not different from the control (CRF) villus height; SI villus height : crypt depth ratio in the NHL is significantly higher than that of
GSL and control rats. (Haematoxylin & Eosin stain, magnification 100 x), Scale bar-100um]
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cytology. There were various degrees of fatty  weight gain at the end of the study. However, in the
degenerations in hepatic sections of GS-fed animals  male rats, NH resulted in a significantly higher BWG
(Figs 3 and 4). than the other rats. There was no difference in BWG
Discussion of the female groups throughout the study. Although,

The growth pattern of all the experimental animals ~ honey increased the absolute and relative weights of
showed that the treatment diets resulted in significant ~ some visceral organs which included caecum,

Fig. 2—Photomicrographs of female rat small intestinal villi [(a) CRF, control group; (b) GSL; (c) NHL; (d) GSH; (¢) NHH; GSL and NHL
villi height significantly higher (p < 0.05) than the villi height of GSH, NHH and control rats; NHL villus height significantly higher (p <
0.05) than the GSL villus height but not different from the control (CRF) villus height. (Haematoxylin & Eosin stain, magnification 100 x),
Scale bar-100um]
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Fig. 3—Photomicrographs of male rat liver [(a) CRF, control group; (b) GSL; (c) NHL; (d) GSH; (e) NHH; magnification (mag) of
control liver is 100 x, while treatment groups’ livers mag is 400 x; Arrows showed fat droplets in GSL liver and fatty degeneration in
GSH liver, while CRF, NHL and NHH showed normal cytology. (Haematoxylin & Eosin stain), Scale bar-100um]
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Fig. 4—Photomicrographs of female rat liver [(a) CRF, control group; (b) GSL; (c) NHL; (d) GSH; (e) NHH; magnification (mag) of
control liver is 100 x, while treatment groups’ livers mag is 400 x; Arrows showed fat droplets in GSL liver and fatty degeneration in
GSH liver, while CRF, NHL and NHH showed normal cytology. (Haematoxylin & Eosin stain), Scale bar-100um]

stomach, pancreas and spleen: the increase in BWG in
the females was not significant. However, the organs’
weight of honey-fed male rats was shown to have
contributed positively to the animals’ BWG.

The determination of organ weights is a long
established practice to ascertain their functional
integrity and establish health status of experimental
animals”. There were differences in the absolute
weights and lengths of the small and large intestines
amongst all the animals. When these organs’ weights
were evaluated relative to the rats’ body weights, the
differences were not significant in both sexes. Further
evaluation of the weight : length ratio (g cm) of
these organs also showed no significant difference
amongst the groups. These plausibly suggested that
the gross variations observed in weights and lengths
were of no biological significance.

The predominant influence of natural honey on
organs’ macroscopic growth was shown by the
caecum and pancreas in the male rats. The increased
relative weight of the pancreas and caecum in the
honey-fed male rats could enhance enzymatic
production by the pancreas and digestive functions by
intestinal microflora of the caecum. Previous studies
with rats fed erythritol or alcohol extracts of African
potato  (Hypoxis  hemerocallidea) resulted in

significantly ~ heavier caecal weight’"**. The

mechanism underlying the increase in caecal weight is
yet to be fully elucidated, but it was attributed to the
trophic effect on the caecum by osmotically active or
fermentable substances that are not absorbed from the
small intestine’”. Dietary manipulations can also
affect microflora within the GIT. The previous
analysis of honey’s chemical constituents gives
credence to the latter fact™.

The absolute kidneys’ weights of the male rats at
high dose of both diets (GSH and NHH) were reduced
(P < 0.05) than normal, however the relative
measurements (%) showed that there were no
significant differences (P > 0.05) amongst all the
groups. Hence, the observed high organ weight of the
low dose-diets (GSL & NHL) and control, CRF rats
could not be of biological significance.

Contrary to honey’s influence on healthy growth in
the rodents, the GS-fed rats accumulated visceral fat,
which accounted substantially for the BWG of these
rats. The enhanced-visceral adiposity of the GS-fed
rats was significant (P < 0.001) in males. This gave
credence to the previous findings of reduced
susceptibility of female rodents to sucrose induced
metabolic adversity®. The GSL male group had a
higher visceral fat weight (P < 0.05) than the high
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dose-diet male rats, possibly due to volume of sucrose
(GS) consumed. We estimated that low dose-diet
groups ate more feed than their high dose-diet
littermates (data not shown). The preferential intake
of dry feed to pasty or liquid material (high dose-
diets) by rats had been reported elsewhere®,

The present study showed that none of the diets
had significant biological effect on the gross
morphology of the intestines when the weights were
measured relative to BW. Thus, no experimental diet
had any undue advantage over the other diets to
influence the anatomical configuration and
functionality of the GIT. The sections of the small
intestines showed that NH had trophic effects on the
intestinal cells of the male rats; whilst the SI villus
height:crypt depth ratio showed that there was no
difference (P > 0.05) amongst the female rats.
However, the differential impact of the dietary
treatments was observed at the microscopic level. In
the male rats, the low honey group (NHL) showed
enhanced development of the intestinal morphology
than the other treatment and the control groups. The
villous height, villous width and crypt depth of NHL
rats were significantly higher (P < 0.05) than those of
the other groups. Some workers reported an influence
of high dietary fibre in their experimental rats where
they found an increase in the number of intestinal
cells”. Honey contains the biologically active soluble
fibre, propolis®, which could have produced the villi
trophic effects. The influence of high dietary fibre on
intestinal villi growth has also been documented
elsewhere’®”’. The NH-enhanced villi and crypts
dimensions could have provided more surface area for
digestive functions and enzymes activities in the GIT.
According to some workers, the broader villi provide
a greater surface area and, therefore, more brush
border for nutrients absorption'’. This could be the
reason for improved growth of the honey fed rodents
as emphasized in another study®.

The comparison of the high dose-diets groups
showed that all the GIT microscopic values did not
differ significantly, except that the NHH villi had the
same width as control, but wider (P < 0.05) than that
of GSH rats. However, all the other intestinal
morphological parameters obtained from NHH were
higher, albeit insignificantly different than the
corresponding values from high dose sucrose eaters
(GSH). The enhanced intestinal villi growth of the
honey eaters could improve their digestive functions
with better feed utilisation. This agreed with the

report from a study'’on dietary supplementation that a
decrease in the villus height to crypt depth ratio
suggested reduced overall capacity for digestion and
absorption of nutrients.

In the female animals, we recorded higher values
(P < 0.05) of villus height and crypt depth for the
groups in which the GS and NH were included at low
doses (GSL & NHL) than those obtained from control
and high dose groups (GSH and NHH), a reflection of
higher estimated feed intake by the low dose groups,
due to preferential dietary intake*. The villus width
of honey-fed females was significantly larger than
that of those animals nurtured with cane syrup (GS).
Similar to our observation in male rats, all the
microscopic measurements of high honey dose
(NHH) female groups were higher than those obtained
from their cane syrup (GSH) littermates. However,
these values did not attain any statistical significance.
The villus height to crypt depth ratio of our female
rats did not differ.

The pathological trait associated with chronic cane
syrup intake was further shown by the development of
hepatomegaly in GS-fed animals. Contrary to GS
induced hepatic abnormality, NH-fed rats had
significantly attenuated absolute (g) and relative (%)
liver weights compared to GS groups as shown in
Table 5. The hepatic changes observed under the LM
were also recorded in Figures 3 and 4. The rats fed
CRF and those nurtured with either of the two NH
diets had liver sections with normal cytology, while
there were histopathological changes in the livers of
GS-fed animals. These included early stage fatty
degenerations, fatty degeneration around the portal
triad, diffuse fatty degeneration, hepatic cords
disruption and hepatic damage. The degenerative
changes coupled with enhanced visceral adiposity
could potentiate hepatic steatosis in the GS-fed
rodents, while honey eaters enjoyed healthier growth.
Despite the high fructose content of honey, it was
absolved of culpability in all pathological changes
observed in the GS-fed rats.

Pure natural honey is said to contain prebiotics
which competitively activate beneficial intestinal
bacteria flora in consumers’, inhibit infectious
agents””, and enhance digestive functions’.
Oligosaccharides cause a reduction of the flora
pathogens, increase  bifidobacteria  (beneficial
bacteria), and an increase of availability of
minerals™'’. This facilitates metabolic activities and
brings about healthy growth in honey eaters. In
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addition to greater intestinal villi of high fibre diets of
rodents, increasing the fibre content of the diets
reduces the susceptibility to gastric infections’. This
suggests a potential nutritional and health benefits of
substituting honey for refined sugar such as cane
syrup in the animal feed and by extension human diet.

It may be concluded that feeding of rodents with
refined sugars such as cane syrup from neonatal age is
associated with histopathological changes with
consequent alterations in the organs’ functions.
Unlike GS, dietary supplementation with natural
honey had positive influence on the visceral organs’
growth and morphology, which could plausibly
enhance their physiology. In conclusion, honey
consumption is beneficial and could readily substitute
for refined sugars such as dietary fructose.
Nonetheless, there is a need to probe further to
unravel the mechanisms behind the physiological
benefits of honey.
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