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Abstract

Background: The Maillard reaction products of chicken bone hydrolysate (MRPB) containing 38% protein,
which is a derived product from chicken bone, is usually used as a flavor enhancer or food ingredient. In the
face of a paucity of reported data regarding the safety profile of controversial Maillard reaction products, the
potential health effects of MRPB were evaluated in a subchronic rodent feeding study.

Methods: Sprague—Dawley rats (SD, 5/sex/group) were administered diets containing 9, 3, 1, or 0% of MRPB
derived from chicken bone for 13 weeks.

Results: During the 13-week treatment period, no mortality occurred, and no remarkable changes in general
condition and behavior were observed. The consumption of MRPB did not have any effect on body weight or
feed and water consumption. At the same time, there was no significant increase in the weights of the heart,
liver, lung, kidney, spleen, small intestine, and thymus in groups for both sexes. Serological examination
showed serum alanine aminotransferase in both sexes was decreased significantly, indicating liver cell
protection. No treatment-related histopathological differences were observed between the control and test
groups.

Conclusion: Based on the results of this study, the addition of 9% MRPB in the diet had no adverse effect on
both male and female SD rats during the 90-day observation. Those results would provide useful information

on the safety of a meaty flavor enhancer from bone residue as a byproduct of meat industry.
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he Maillard reaction is a well-known non-

I enzymatic interaction between reducing sugar
and amino acid, peptide, or protein that can con-
tribute markedly to the aroma, taste, and color of
products (1). Maillard reaction products (MRP) have
received particular attention because of their wide array
of properties. They are well known for having aromatic,
textural, and sensory properties (2-4), together with
antioxidant abilities (5, 6). Since the aroma generation
by Maillard pathways was reported in 1914, the food
industry has patented flavor formations using it (2). For
example, the Maillard reaction was used to increase the
meaty aromas of enzyme-hydrolyzed wheat protein (7),
and chicken bone extracts (CBEs) showed a golden
brown color with increased amounts of pyrazine and
sulfur compounds that improved the quality of flavor (8,
9). It is reported that thermally processed foods rich in
MRP could have a beneficial impact on ex vivo low-
density lipoproteins (LDL) oxidation (10). Some studies

"These authors have contributed equally to the work.

reported that the antioxidant activities of MRP, derived
from peptide/protein/sugar systems, were considerably
increased when protein was heated in the presence of
reducing sugar (11, 12). A study showed that the
protection of Caco-2 cells from free radical-, ferrous-,
and cupric-induced cytotoxicity by casein was not altered
by the Maillard reaction (10), and the MRP of casein
showed no toxicity to Caco-2 cell at both low and high
concentrations (10). It is also elaborated that the
consumption of MRP is associated with certain positive
biological actions, such as antioxidant and chemopre-
ventive activities (13), and the indigestible melanoidins
produced from the Maillard reaction displayed in vivo
antioxidant, antimicrobial, and prebiotic activities in the
small intestine that were beneficial to human health (14).
MRP have been reported to have antioxidant activity in
both the chemical model and food system (15).

On the other hand, MRP are considered to have some
toxic substances, which have been reported to decrease the

Food & Nutrition Research 2016. © 2016 Jin-Zhi Wang et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http:// I
creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose, even

commercially, provided the original work is properly cited and states its license.

Citation: Food & Nutrition Research 2016, 60: 27827 - http://dx.doi.org/10.3402/fnrv60.27827

(page number not for citation purpose)


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.foodandnutritionresearch.net/index.php/fnr/article/view/27827
http://dx.doi.org/10.3402/fnr.v60.27827

Jin-Zhi Wang et al.

nutritionalvalueoffoods(16),inadditiontodiversenegative
consequences such as protein damage (17) and decreased
mineral availability (18). Besides, the Maillard reaction has
been suggested to play animportant role in the formation of
acrylamide (19) and other kinds of heterocyclic amines
(HASs) (20). HAs are an important group of food mutagens
and potential carcinogens in rodents and primates (20).
Many HAs are formed via the Maillard reaction from
creatine, free amino acids, and monosaccharides, and the
discovery of the adventitious formation of the potential
cancer-causing HAs, especially in protein-rich foods of
animal origin, has raised worldwide concerns (19, 20).

During the 2009 World Summit on Food Security, it was
recognized that, by 2050, food production must increase by
about 70% to feed the anticipated world population of nine
billion people (21). It means an additional annual consump-
tion of nearly 200 million metric tons of meat or animal source
protein. Consequently, by-products, also named as non-
conventional food sources, will be increased dramatically.
For example, approximately 5.6—14 million tons and 16.6—
41.5 million tons of chicken bone (CB) was produced in
China and the whole world in 2012, respectively (22), which
were mainly used as feed or discarded. CB is avaluable source
of proteins and other nutrients, including approximately 51%
moisture, 19% protein (35%—40% collagen), 9% fat, and 15%
ash, including various types of mineral elements, especially
calcium, iron, and phosphorus (8, 23). Hence, an interesting
alternative would be to transform CB residue into a flavor
ingredient by the Maillard reaction, which can generate flavor
and color in the thermal processing of protein-rich foods (19).
As a newly emerging natural flavor seasoning enhancer
product, MRP derived from CB through Maillard reactions
shows good flavor quality (3). Since it is derived from CB, the
most valuable, abundant, and readily available byproduct,
Maillard reaction products of chicken bone hydrolysate
(MRPB) is recognized as a non-conventional food source,
andis highly popular in Asia and Australia. At the same time,
most of the studies on the effects of MRP are based on the
results of invitro tests,and MRPB has been questioned forits
potential toxicity due to the possible formation of HAs and
some unknown compounds.

Therefore, MRPB needed to be evaluated for its safety,
as there is no well-documented history on its use as human
food. A 13-week safety assessment on MRPB in Sprague-
Dawley (SD) rats was thus performed in the present study
to provide useful information on MRPB as a potential
flavor enhancer and nutrient resource derived from CB.

Materials and methods

Test material

Preparation of chicken bone extracts

CBEs were prepared by hot-pressure extraction as
reported previously (8). Briefly, CB residues were soaked
in water at room temperature for 10 min to wash out the

residual blood, and were then placed into a crane cage,
hanging in hot-pressure extraction pots. They were then
mixed with equal amounts of distilled water (w/v) and
extracted at 135+0.5°C for 120 min. The resulting soup
was filtered through a 200-mesh sieve to remove the bone
residues, and the filtrate was poured into a standing pot,
incubated at 85+1.0°C for 120 min. The supernatant
(bone oil) was removed, while the aqueous layer was
collected and concentrated by the vacuum condenser
under the negative pressure of 0.1 MPa until the content
of total solid reached about 40%. The concentrated CBE
was stored at —20°C for further use.

Preparation of MRPB

Concentrated CBE was used as a substrate for hydrolysis.
Fifty grams of CBE were added into 150 ml of water for an
appropriate substrate concentration. Food-grade Prota-
mex from Novozymes Co. Ltd (Beijing, China) was added
to the slurry at a ratio of 0.5% (w/w) and hydrolyzed in a
water-bathed vibrator under 40+ 1°C and pH 6.8+0.2
for 2 h. Subsequently, flavourzyme was supplemented and
the slurry was hydrolyzed for another 2 h under the same
conditions. Finally, the reaction was inactivated by heating
at 95°C for 10 min.

To provide the reducing sugar and amino acid necessary
for the Maillard reaction, system cysteine (0.5%, w/w),
xylose (0.5%, w/w), and thiamine (0.5%, w/w) were added to
200 mL of hydrolyzed CBE. The slurry was subjected to the
Maillard reaction in a high-pressure stainless reactor
(Shanghai, China) at 105°C, pH 7.0. Samples (MRPB)
were collected at 90 min of reaction and cooled down by a
mixture of ice and water, and stored at —20°C prior to
further analysis.

The fat, moisture, and ash contents of the MRPB were
determined according to official methods of Association of
Official Analytical Chemists (AOAC) (24). Crude protein
was determined by the Kjeldahl method. Mineral analyses
of the MRPB were carried out following a method with
minor modifications (25). Briefly, 1.0 g of MRPB was
digested with 8 ml of nitric acid (65%, v/v) and 2 mL of
hydrogen peroxide (40%, v/v) on a focused microwave
system using borosilicate vessels. Mineral analyses were
carried out using inductively coupled plasma/atomic emis-
sion spectrophotometry (ICP/AES) instrument (SPS8000,
KCHG, China). Sugars were determined by a phenol-
sulfuric acid method using glucose as a standard for the
method of AOAC (24). Peptides content, also named
soluble hydrolyzed protein, was assessed by the Biuret’s
method, as described (3). Glutathione (GSH) was used as a
standard and polypeptide content was described as the
equivalent of GSH.

Preparation of the rodent diet

The experimental sterilized rat diet used in the study was
prepared in meal form by Vital feed company (Beijing,
China), based on the rodent diet standard (26). MRPB was
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added to the basicrodent diet to a final content of 0, 1, 3 and
9% (wlw), respectively. All ingredients were ground to a
similar particle size to ensure a homogeneous mixture. All
dietswere analyzed quantitatively for nutrient composition.
The fat, moisture, ash, protein and minerals content were
determined as that of MRPB described before. Total amino
acid composition was analyzed as described (3). The amino
acid compositions for the samples were measured by L-8900
Amino Acids Automatic Analyzer (Hitachi LTD, Japan).
Crude fiber was determined by the method of AOAC.
Carbohydrate and energy content was calculated by the
method of AOAC (24).

Laboratory animals and housing

Five-week old male and female SD rats were purchased
from Charles River China (Beijing, China) and maintained
in the animal facility of the Institute of Genetics and
Developmental Biology, Chinese Academy of Sciences,
according to the Institutional Rules for Animal Experi-
mentation. The Animal Care and Use Committee for
Institute of Agro-food Science and Technology, Chinese
Academy of Agricultural Sciences approved the protocol
of this experiment. Rats were housed five per cage, and
given free access to drinking water and basal diet, under
controlled conditions of humidity (60+10%), lighting
(12 h light/dark cycle), and temperature (22 + 2°C). Rats were
acclimated for 1 week prior to the start of the experiment
and randomly assigned to four groups following compu-
terized randomization based on body weight (n = 5/sex/
group). During the test period, rats were fed the prepared
diets containing 0, 1, 3, and 9% MRPB, and they were
grouped as control, low dose, middle dose, and high dose,
respectively.

Experimental protocol

During the experimental period, all animals were observed
clinically twice daily. Body weight and food consumption
were recorded weekly. On day 90, after 12 h of food
withdrawal, all animals were weighed and then sacrificed
after collection of blood samples from the abdominal aorta
(27). ETDA-2K was used as the anticoagulant for the
blood samples. The collected blood samples were pro-
cessed for biochemistry and hematology, respectively.
Referring to the reported method (28), we combined fecal
samples of same-gender rats to test the differences between
the experimental group and the control group.

Blood biochemistry

The following serum biochemical parameters were mea-
sured: urea (BUN), alanine aminotransferase (ALAT),
cholesterol, total protein, albumin (ALB), triglyceride
(TG), creatinine (CREA), glucose, calcium, magnesium,
and phosphorus. All analyses on blood serum were
performed with the Hitachi automatic biochemical analy-
zer, 7020 (Hitachi, Japan), using the relevant kits for each
parameter.

Safety of Maillard products of bone

Hematology

Hematology characteristics were assessed using a Vet
ABC, Animal Blood Counter (Analysis instruments AB,
Stockholm, Sweden) on the following parameters: White
blood cells (WBC), red blood cells (RBC), hematocrit
(HCT), hemoglobin (HGB), mean corpuscular hemoglo-
bin (MCH), mean corpuscular volume (MCV), platelets
(PLT), red cell distribution width (RDW), and mean
corpuscular hemoglobin concentration (MCHC). The
differential count was performed for neutrophils (NEU),
lymphocytes (LY M), eosinophils (EOS), basophils (BAS),
and monocytes (MON). The histologic and diagnostic
work reported herein was undertaken between December
23, 2013, and February 25, 2013, in compliance with the
Good Laboratory Practices (GLP) requirements specified
in the Organization for Economic Co-operation and
Development (OECD) ‘Principles of Good Laboratory
Practices’ (29).

Organ weights, gross necropsy, and histopathology

A thorough necropsy was performed and the following
organs were excised and weighed: adrenals, brains, heart,
kidneys, liver, lung, ovaries, small intestine, spleen, testes,
epididymides, thymus, and uterus. Paired organs (adrenals,
epididymides, kidneys, ovaries, and testes) were weighed as
a total of right and left. Sections from the above organs
were fixed in 10% buffered formaldehyde for histolo-
gical processing. Tissue samples were embedded in paraf-
fin sections, 3—5 pm thick, and were then stained with
standard hematoxylin and eosin for light microscopy.
Microscopy observations were performed with a Vanox-S
microscope (Olympus, Japan). Histopathological assess-
ment was first performed on all tissues of the control and
high-dose group, and for the liver and kidneys in all
groups. If a chemical treatment-related change appeared at
the highest dose, the relevant tissue(s) from the lower dose
groups were then also examined.

Statistical analysis

Compositional data are presented as means. Data
obtained from the animal studies were analyzed sepa-
rately for each sex and presented as mean +SD, where
appropriate. Dunnett’s multiple comparison (P <0.05)
was applied. If significant heterogeneity of variance was
detected, the Student’s t-test for comparing treatment and
control groups was employed. All statistical analyses were
carried out using SAS release 9.1 (30).

Results and discussion

Characterization of MRPB and experimental diets

The composition of MRPB and rodent diet is presented in
Tables 1 and 2, respectively. Concentrations of proximate
analyses, fiber, amino acids, vitamins, and minerals
(calcium and phosphorus) were similar to those reported
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Tuble 1. Compositional analysis of MRPB

Components Content Minerals Concentration (mg/kg)
Dry matter (%) 54.12 P 1230.90
Ash (%) 7.18 Ca 218.00
Fat (%) 0.77 Fe 10.03
Protein (%) 37.63 Zn 2.88
Sugar (g/100 g) 2.98 K 2217.10
Peptide (mg/g) 472.70 Na 5711.20

Data is presented as mean values. MRPB, Maillard reaction products of
chicken bone hydrolysate.

for PMI_Nutrition International, LLC Certified Rodent
LabDiet 5002 (31), although some analytes fell outside this
range. Such compositional differences were attributable
to the addition of MRPB. Gross energy content ranged
from 360 kcal/100 g (control) to 364 kcal/100 g, all well
above 290 kcal/100 g typical diet for a weaning rat and

Tuable 2. Composition of rodent diet containing MRPB (9, 3, 1, and
0%)

9% 3% 1% Control
Proximates
Moisture (g/100 g) 8.395 8.625 8.57 827
Ash (g/100 g) 7.14 6.835 6.66 6.63
Protein (g/100 g) 28.155 23.545 22.185 21.21
Fat (g/100 g) 3.94 3.6l 4.26 3.77
Fiber (g/100 g) 3.16 3.14 3.39 343
Carbohydrate (g/100 g) 52.37 57.385 58.325 60.13
Energy (Kcal/100 g) 362.02 360.75 364.79 363.81
Amino acids(mg/g)
Asp 15.91 14.20 13.39 12.43
Thr 6.73 6.12 5.71 5.32
Ser 8.75 8.26 7.95 7.11
Glu 39.61 36.72 35.09 3239
Gly 15.13 10.22 793 6.52
Ala 10.94 9.21 7.73 7.21
Cys 2.46 322 2.69 2.72
Val 7.46 749 6.86 6.71
Met 2.64 2.66 231 1.79
lle 6.24 5.74 5.49 5.21
Leu 12.98 12.29 11.45 111
Tyr 4.00 3.80 3.60 3.54
Phe 8.31 7.63 7.33 6.94
Lys 9.31 7.90 7.11 6.99
His 4.12 3.83 3.57 336
Arg 1.6l 9.92 9.18 8.20
Pro 14.61 12.22 10.32 9.91
Total amino acids(mg/g) 180.81 161.42 147.71 137.46
Minerals
Calcium (g/100 g) 1.03 1.12 1.29 1.21
Phosphorus (g/100 g) 0.79 0.98 0.315 0.65
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Fig. 1. Growth curves for male and female Sprague-Dawley
rats treated with MRPB for 13 weeks. (a) Cumulative
bodyweight curves for males rats during 13-week study;
(b) Cumulative bodyweight curves for female rats during
13-week study. MRPB, Maillard reaction products of chicken
bone hydrolysate; 9, 3, and 1%, and control represents 9, 3,
1, and 0% of MRPB in diet for rats.

250 kcal/100 g for a mature rat (32). Because rats com-
pensate for feed energy density with altered feed consump-
tion to meet caloric needs (32), the high gross energies
of these experimental diets were considered to have no
nutritional impact.

Crude protein concentrations in the high dose of MRPB
(9%) diet exceeded LabDiet 5002 typical values. Proteins
are a necessary component of the diet of humans and other
mammals (33). Because of the sensitivity of dietary
proteins to digestion and the minimal potential for
absorption of intact proteins from the GI system (34),
proteins can be degraded into constituent amino acids that
are efficiently absorbed. Therefore, the overwhelming
majority of dietary proteins possess no potential for
systemic toxicity (35). Accordingly, the consumption of
protein is not normally associated with adverse effects (36),
though in toxicology, it is well accepted that dose
influences toxicological outcome (37).
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The determination of amino acid requirements for adult
rats is difficult because of the flat dose-response curves that
occur for many amino acids (38). Amino acids in different
groups ranged from 137.46 (control) to 180.81 mg/g (high
dose of MRPB), which is not uncommon, because the
requirement for an amino acid tends to increase with
dietary protein (32). Besides, if the diet contains a mixture
of proteins, both the content and bioavailability of the
amino acids in the different proteins must be considered
for maximum growth (32). Our previous study demon-
strated that the CBEs used for MRPB in this study shows
an ideal protein digestibility-corrected amino acid score
for adult in vitro (8), and indicated that flavor amino acids
accounted for 72% ~ 74% of total free amino acids in
MRPB with good taste acceptability (3). During the
experiment, the obvious expectancy on the diet containing
MRPB from those tested rats were observed (data not
shown).

The concentrations of all analytes and/or their dietary
equivalents satisfied the NRC recommended minimum
dietary intakes of these nutrients for maintenance of the
adult laboratory rat, and were well below the dietary
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Fig. 2. Food consumption for male and female Sprague-
Dawley rats treated with MRPB for 13 weeks. (a, b) represents
food consumption for male and female SD rats during the 13-
week study, respectively. MRPB, Maillard reaction products
of chicken bone hydrolysate; 9, 3, and 1%, and control
represents 9, 3, 1, and 0% of MRPB in diet for rats.
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concentrations reported (if available) to cause adverse health
effects (32). Heavy metals (LOQ for arsenic =0.50 ppm;
LOQ for lead =1.00 ppm; LOQ for mercury =0.100 ppm;
LOQ for cadmium =0.250 ppm) were not detected in any
diet (data not shown).

Body weight and food consumption

The animals were observed twice daily for well-being.
Body weights and food consumption were measured
weekly, and specific growth rates were calculated. During
the 13-week experiment, no treatment-related signs of
adverse effects in clinical appearance on the animals were
observed. There were no treatment-related differences in
body weight gain of rats of either sex (Fig. 1). The body
weights of male rats fed with MRPB were higher than that
of control group, whereas female rats fed the diet contain-
ing MRPB tended to have lower body weights compared
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Fig. 3. Specific growth rates (SGR) for male and female
Sprague-Dawley rats treated with MRPB for 13 weeks.
(a) SGR for male SD rats during 13 weeks; (b) SGR for female
SD rats during the 13-week study. The SGR for weight was
calculated as SGR (%) =(Inw2-lnw1) x 100/feeding days,
where wl and w2 are start and final weights, respectively,
and In is the natural logarithm. MRPB, Maillard reaction
products of chicken bone hydrolysate; 9, 3, and 1%, and
control represents 9, 3, 1, and 0% of MRPB in diet for rats.
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with those of the control group, but there were no
statistically differences between the sexes for both treat-
ment and control (P >0.05). Therefore, the differences in
mean male body weights were considered non-adverse, and
this result is similar with reported findings (39). As shown
in Fig. 2, at week six, food consumption decreased in the
male vehicle, and it was less than the three treatment
groups (P <0.05), while that of female vehicle decreased at
6 and 9 weeks. Similarly, Delaney et al. observed the
significant difference (p <0.05) in food consumption
between the male and control groups during one feeding
interval (days 84-91), even though other food consump-
tion was similar (39). Interestingly, after 10 weeks of
treatment, the food consumption in the female vehicle
group was significantly higher than that of three groups fed
with MRPB (P <0.05). Diets with MRPB showed no
effect on specific growth rate and feed efficiency ratio of
SD rats (Fig. 3). There were also no significant differences
in water consumption between the treatment and control
groups throughout the study (data not shown).

Serum biochemistry and hematology
Serum biochemical results on both sexes of rats are
shown in Table 3. It can be seen that, by the end of
13-week treatment period, the blood glucose levels in SD
rats fed with MRPB or the control group in the present
study were within the normal range of values, which was
2.32-6.06 and 3.20—6.23 mmol/L for female and male SD
rats, respectively (40). There were no treatment-related
adverse effects in the mean values of clinical chemistry
variables, except that activity of ALAT in rats consuming
MRPB was lower than that of control group (P <0.05).
Table 4 shows the total and differential count of WBC,
RBC, HCT, HGB, MCH, MCYV, PLT, RDW, MCHC,

NEU, LYM, EOS, BAS, and MON values obtained in
different groups of rats. Hematology analysis revealed that
there were no significant differences observed in female
rats. Several statistically significant differences were ob-
served between the four groups of male rats. The MCHC of
male rats was slightly higher in the 3%-dose treatment
group fed with MR PB, whereas the MCH of this group was
slightly lower than that of the control group. There were no
other treatment-related changes in hematology and serum
biochemistry parameters in rats fed with the diet contain-
ing MRPB, in the present study.

Organ weights, gross necropsy, and histopathology
The absolute organ weights and organ-to-body weight
ratios are presented in Table 5. The organs weighted
include brain, heart, lung, spleen, kidneys, liver, small
intestine, thymus, adrenals, testis, epididymis, uterus, and
ovaries. Both of the absolute weight and organ-to-body
weight ratios of male rats fed with diet containing MRPB
(9, 3, and 1%) showed no difference from that of the
control group except the kidney-to-body weight of medial-
dose (3%) group. These results indicated MRPB did not
affect most of the organs in SD rats, but the high protein
contained in MRPB may impose a certain burden on the
kidneys. Interestingly, the heart-to-body weight ratio,
liver-to-body weight ratio, lung-to-body weight ratio of
the medial-dose (3%) female group decreased significantly
(p <0.05) compared with that of the control group. And
the absolute weights of the heart, liver, lung, and kidneys of
this group were observed to decrease significantly
(» <0.05), too.

Histopathological observations were conducted for the
organs and tissues of all scheduled necropsied rats in the
control and high dose (9% of MRPB) groups at the end of

Table 3. Serum biochemistry of rats fed with feed containing MRPB (9, 3, 1, and 0%) for 13 weeks

Male Female
9% 3% 1% Control 9% 3% 1% Control

Glucose (mmol/L) 522+068 557+079 5924045 579+079  5.03+0.40 762+469 5.15+049  531+04I
Total protein (g/L) 71.86+4.26 70.02+592 71.94+467  6672+441 77.80+544 71.92+6.08 72.02+49| 77.38+6.03
Albumin (g/L) 3348+0.96 344+272 3352+202 3298+178 4042+3.53 37444378 37.72+220 40.70+2.99
Cholesterol (mmol/L)  1.99+027  1.93+061  2.05+0.54 1.80+0.33 2374045 2.18+038 203+047  1.83+0.3I
Triglyceride (mmol/L)  0.54+023  052+0.18  0.56+0.26 0.60+023  0.4840.08 0744047 046+0.11  0.56+0.09
Calcium (mmol/L) 2654020 2.69+024  2.80+0.3I 2934060  2704+0.108  2724024% 32440.09° 2.5440.10°
Magnesium (mmol/L)  1.064+0.05  1.1540.1 1.05+0.06 1.0440.11 1.1240.02 1174022 1074007  1.10+0.15
Phosphorus (mmol/L) 2.33+022 243+0.19  2.35+0.20 2.62+091 2.31+0.14 261+139 2424021  1.44+1.00
Urea (mmol/L) 554+053  6.12+1.00  641+1.39 6.77+0.71 7.18+1.62 637+143  600+0.65  651+1.55
Creatinine (umol/L)  23.80+2.05° 2540+2.88% 27.20+2.59° 24.00+2.00° 2640+3.13  31.40+391 3020+1.92 27.40+5.13
ALAT (U/L) 4920+7.91° 51.00+6.60° 5540+ 14.82%° 67.80+11.76° 688+19.66°  48+589° 40.6+820% 69.40+27.32*

MRPB, Maillard reaction products of chicken bone hydrolysate; 9, 3, and 1%, and control represents 9, 3, |, and 0% of MRPB in diet for rats; ALAT,

alanine aminotransferase; ALAT, alanine aminotransferase.

The number of animals was five rats/sex/group; data are presented as group mean values +SD. Lower case superscript letters indicate significant
differences among male rats, while upper case superscript letters indicate significant differences among female rats (p <0.05).
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Table 4. Hematological values of rats fed with feed containing MRPB (9, 3, 1, and 0%) for 13 weeks

Male Female

9% 3% 1% Control 9% 3% 1% Control
WBC (10°/L) 9.08 +3.93 10.18+4.53 826+2.73 9.76 +3.67 7.56+ .44 7.14+2.06 898+ 1.70 8.00+2.0I
RBC (10'?/L) 7.69+1.45 8.76+0.77 8.04+ 1.05 843+0.99 7.44+0.82 7.90+0.8I 8.01+0.75 8.37+0.99
HGB(g/L) 175.4+27.18 197.8+19.15 183.4+21.65 192.6 + 14.54 179.8+18.53 1932+ 19.21 184.6+14.19 190.8+19.29
HCT (%) 39.3846.29 43.06+4.21 39.38+4.12 43.50 +3.94 39.00+4.12 39.94 +4.60 40.16+2.78 43.46+398
MCV (fL) 51.48+2.13 49.16 + 1.74 49.12+ 1.6l 51.72+1.64 5252+ 1.78 50.56 + 1.68 50.26 + 1.53 52.06 +2.00
MCH (pg) 22.98+1.36 22.58+0.72 22.88+1.50 22.96+1.22 24.20+0.69 24.50+1.09 23.10+ 1.66 2290+ 1.57
MCHC (g/l) 446+ 14.93° 459.40+4.51° 4545+ 15.02%° 4434+ 125° 461.2+4.09° 4844+ 128" 460+25.88° 439.2+15.128
RDW(%) 13.34+0.05% 12.98 +0.46° 13.50+0.32* 13.08 +0.44%° 13.50+0.30 13.70+0.31 13.34+0.93 13.38+0.9
PLT (10°/L) 1272.4+435.08 1060.6 +237.77 1158.6 +228.98 1313.6 +245.24 1051.2 +486.22 1138+381.33 1293.8 +290 1013.8+179.06
Differential count
LYM (%) 53.42+11.03%° 57.66 +3.07*° 48.38+5.88° 62.56 + 14.94° 59.72+ 17.67 48.66+6.91 58.50+7.17 4622+ 1643
MON (%) 1.40+1.01 1.26 + 1.24 1.56+1.73 1.34+1.01 .16+ 1.2148 1.72 +0.858 0.44 +0.40° 342+3.56%
NEU (%) 40.98+9.42%° 38.02+3.43% 46.08+9.04° 31.84+11.82° 36.44+16.23 43.84+4.96 35.40+8.56 43.04+621
EOS (%) 4.14+3.07 2704091 3.28+2.30 3.90+34I 2.14+0.78 3.46+1.79 4.80+2.34 3.90+2.73
BAS (%) 0.00+0.00° 0.36+0.41% 0.70 +0.62* 0.36 +0.35% 0.5440.21 1.52+1.90 0.86 +0.42 3.42+555

MRPB, Maillard reaction products of chicken bone hydrolysate; 9, 3, and 1%, and control represents 9, 3, |, and 0% of MRPB in diet for rats; ALAT, alanine aminotransferase. WBC, white blood cell count;

RBC, red blood cell count; HGB, hemoglobin concentration; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration;
RDW?%, red blood cells volume distribution width; PLT, platelets; LYM, lymphocytes; MON, monocytes; NEU, neutrophils; EOS, eosinophils; BAS, basophils.
The number of animals was five rats/sex/group; data are presented as group mean values + SD. Lower case superscript letters indicate significant differences among male rats, while upper case superscript
letters indicate significant differences among female rats (p <0.05).

auoq Jo spnpoud pUe|jiel. Jo A1ajes


http://www.foodandnutritionresearch.net/index.php/fnr/article/view/27827
http://dx.doi.org/10.3402/fnr.v60.27827

Jin-Zhi Wang et al.

Table 5. Absolute and relative organ weights of rats fed with feed containing MRPB (9, 3, 1, and 0%) for 13 weeks

Male

Female

9% 3% 1%

Control

9% 3% 1% Control

Body weight(g) 505.9+9.13

547.69+55.09 525.64+50.43 509.39+59.96 28532+ 19.7

290.77 + 15.87 292.69+13.18 325.96+26.28

Heart 1.81+0.19 2.08+0.36 1.82 +0.40 1.71+0.23 1.15+0.16" 0.94+0.09%  121+0.13* 1.23+0.04"
Brains 2.04+0.07 - - 1.85+0.18 1.924+0.09 - - 1.85+0.09
Liver 12.64+0.85 1533+292  13.66+234  1295+2.19 8.58+0.85" 7.12+0.60°  7.08+0.6° 8.70+0.68"
Lung 1.90+0.28 1.96+030  226+0.52 1.97+0.26 1.52+0.16°®  1.36+0.04%  145+0.11"%  1.724+0.39*
Kidneys 348+0.18° 3724065  333+054  3.09+028° 225+0.14% 1.8240.18%  2.00+0.118  202+0.23®%
Spleen 0.82+0.10 0.81+0.17 0.85+0.13 0.840.19 0.58+0.16 0.46 +0.04 0.52+0.09 0.56 +0.05
Small 8.41+1.03 7.94+231 8.43+1.34 8.84+1.22 6.54+1.09"®  576+055° 592+037° 8.40+3.30*
intestine
Thymus 0.52+0.09 0.44+0.04 0.42+0.13 0.44+0.08 0.35+0.06 0.31+0.04 0.39+0.10 0.34+0.05
Adrenals 0.05+0.01 - - 0.07 +0.02 0.08+0.02 - - 0.13+0.07
Uterus - - 0.70+0.10 - - 0.37+0.14
Testes 3.38+0.39 - - 334022 - - -
Epididymides  0.66+0.05 - - 0.54+0.12 - - -
Ovaries - - 0.16 +0.02 - - 0.27+0.08
Relative weight
Heart 0.36+0.04 0.38+0.04 0.35+0.09 0.34+0.04 0.40 +0.04* 0.32+0.03®  0.41+0.05" 0.38+0.04"
Brains 0.40+0.0I - - 0.36+0.01 0.67 +0.04 - - 0.57+0.04
Liver 2.50+0.15 2.80+0.25 2.60+0.30 2.54+0.15 3.00+0.26" 244+0.12°  243+027° 3.00+0.26*
Lung 0.38+0.06 0.36+0.04 0.43+0.11 0.39+0.06 0.53+0.06"  047-+0.03®  0.50+0.03% 0.53+0.06*
Kidneys 0.69+0.03 0.68+0.07 0.63+0.09 0.61 +0.03 0.79+0.06"  0.63+0.09®  0.68+0.05° 0.79 +0.06"
Spleen 0.16+0.02 0.154+0.02 0.16+0.02 0.16+0.02 0.204-0.05 0.16+0.01 0.1840.03 0.204+0.05
Small 1.66+0.19 1.45+0.28 1.60+0.30 1.7440.19 2294036 1.9840.15 2.03+0.20 229+0.36
intestine
Thymus 0.10+0.02 0.08+0.01 0.08+0.03 0.09 +0.02 0.12+0.01 0.11+0.02 0.13+0.03 0.11+0.01
Adrenal gland  0.01 +0.00 - - 0.01 +0.00 0.03+0.01 - - 0.03+0.0I
Uterus - - - 0.24+0.04 - - 0.22+0.04
Testes 0.67 +0.09 - - 0.67 +0.09 - - - -
Epididymis 0.13+0.0I - - 0.11+0.01 - - - -
Ovaries - - - 0.05+0.01 - - 0.08+0.01

MRPB, Maillard reaction products of chicken bone hydrolysate; 9, 3, and 1%, and control represents 9, 3, |, and 0% of MRPB in diet for rats;

ALAT, alanine aminotransferase. The number of animals was five rats/sex/group; data are presented as group mean values +SD. Relative organ
weights expressed as g/100 g body weight. Small intestinal length and relative length are expressed as cm and cm/g body weight. Lower case superscript
letters indicated significant differences among male rats, while upper case superscript letters indicate significantly differences among female rats

(p <0.05).

13 weeks. During the necropsy, there were no gross
pathological findings. Results of the histopathological
examinations did not reveal any changes in the intestinal
tract or related organs. Therefore, no pathologically
relevance was found to explain the identified differences
in organ weights of the medial-dose (3%) female group in
the current study.

Discussion

To evaluate the safety of MRPB used as flavor enhancer or
food ingredient, the current 13-week subchronic toxicity
study was performed on SD rats fed with diets containing
different amounts of MRPB (9, 3, and 1%). Results showed
that the growth rate of the rats fed with the diet containing

MRPB did not differ significantly from that of the control
group, indicating that the selected amount of MRPB did
not affect the growth of SD rats.

MRP from potato chips and French fries were reported
to have acrylamide, and it has been classified as a probable
human carcinogen (41) and is an effective clastogen
formed by a Maillard reaction when food rich in protein
and carbohydrates undergo thermal processing at tem-
peratures of 120°C or higher (42, 43). The presence of
acrylamide in a range of fried and oven-cooked foods,
which had the typical Maillard reaction during processing,
have caused worldwide concern because this compound
has been classified as probably carcinogenic in humans
(19). The harmful effect of acrylamide is mainly displayed
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in the inhibition of weight gain (43). However, there was no
significant difference on body weight for both male and
female rats fed with diet containing 9% of MRPB in our
study. Interestingly, the body weights of the male rats
increased slightly but decreased in female rats fed with
MRPB, comparing with that of the control group,
indicating that MRP from CB did not have a harmful
effect related to acrylamide, at least not in male rats. There
was no evidence of anemia in SD rats fed with MRPB. The
lack of a decrease in TP and ALB suggested that MRPB
had no detrimental effects on both male and female rats.
Similarly, an in vitro study also demonstrated MRP
produced in a casein-sugar model having no toxicity to
Caco-2 cell at both low and high concentrations (0.5 and
2 mg/ml) (6). Besides, it was also reported that the increa-
sed intake of the MRP reduced phosphorous digestibility
in male adolescents (44), but the serum phosphorous in
both male and female SD rats fed different amounts of
MRPB showed no significant difference in this study
(P >0.05, Table 3), indicating that MRPB had no effect
on phosphorous metabolism in SD rats during the 90-day
observation.

Significant alterations in mean corpuscular hemoglobin
concentration (MCHC), lymphocytes (LYM), neutrophils
(NEU), basophils (BAS), and monocytes (MON) were
sporadically observed in rats of both genders fed with
MRPB, and all the values were within the normal range of
historical records of SD rats (40). Therefore, these were
interpreted as a non-treatment-related difference, which
means that MRPB (1-9%) in diet of SD rats did not affect
the performance of those cells. No significant differences
were observed in most of serum biochemistry findings,
except that of ALAT of both sex and Ca of female rats
given low-dose of MRPB (1%). ALAT is considered as a
signature of liver cell protection (45). Therefore, the slight
decrease of ALAT in the medium- and high-dose male
groups and all female groups fed with MRPB indicated
that MRPB may have a potential protection effect on rats’
liver. Similarly, it was previously reported that the MRP
had high DPPH scavenging and antimicrobial activity
(46), and we speculated that MRPB may also have some
bioactivities, and thus contribute to the decrease of ALAT.

Increased absolute weights of the kidneys in the female
group fed with 9% MRPB was also observed in the present
study. However, there was no significant difference in
relative weights among the three treatment groups fed
different amount of MRPB compared with those of the
control group. And no treatment-related histopathological
changes in the organs of rats receiving MRPB were
observed, either. On the other hand, though a slight
increase of urea in rats received high dose of MRPB was
noticed, there was no statistical difference in both male and
female SD rats. These results suggested MRPB had no
toxicity on kidneys.

Safety of Maillard products of bone

Previous animal studies showed that the dietary intake
of polycyclic aromatic hydrocarbons (PAHs) could in-
crease the levels of tumors, due to the formation of HAs
during the heat-induced Maillard reaction (47). However,
no inflammation was observed in lungs, and nor were
simple cysts of the ovaries or other adverse symptoms
observed in both male and female rats fed with selected
dose of MRPB in this study. In summary, the dietary
administration of MRPB for 13 weeks in SD rats was
found to have no significant toxic effect both on male and
female rats at 1, 3, and 9% MRPB.

Acknowledgements

This study was supported by National Natural Science Foundation of
China (No. 31401623) and China-Argentina Food Science Technol-
ogy Center of Chinese Ministry of Science (No. KY201401005).

Conflict of interest and funding

All authors confirm that this manuscript is an original
work, and has not been submitted for publication else-
where. There are no other conflicts of interest.

References

1. Van Boekel MA. Formation of flavour compounds in the
Maillard reaction. Biotechnol Adv 2006; 24(2): 230-3.

2. Sun W, Zhao M, Cui C, Zhao Q, Yang B. Effect of Maillard
reaction products derived from the hydrolysate of mechanically
deboned chicken residue on the antioxidant, textural and
sensory properties of Cantonese sausages. Meat Sci 2010;
86(2): 276-82.

3. Sun HM, Wang JZ, Zhang CH, Li X, Xu X, Dong XB, et al.
Changes of flavor compounds of hydrolyzed chicken bone
extracts during Maillard reaction. J Food Sci 2014; 79(12):
2415-26.

4. Agyei D, Danquah MK. Industrial-scale manufacturing of
pharmaceutical-grade bioactive peptides. Biotechnol Adv
2011; 29(3): 272-17.

5. Yoshimura Y, Iijima T, Watanabe T, Nakazawa H. Antioxida-
tive effect of Maillard reaction products using glucose-glycine
model system. J Agric Food Chem 1997; 45(10): 4106-9.

6. Jing H, Kitts D. Chemical and biochemical properties of
casein—sugar Maillard reaction products. Food Chem Toxicol
2002; 40(7): 1007-15.

7. Sun L, Zhuang Y. Characterization of the Maillard reaction of
enzyme-hydrolyzed wheat protein producing meaty aromas.
Food Bioprocess Technol 2012; 5(4): 1287-94.

8. Dong XB, Li X, Zhang CH, Wang JZ, Tang CH, Sun HM, et al.
Development of a novel method for hot-pressure extraction of
protein from chicken bone and the effect of enzymatic hydro-
lysis on the extracts. Food Chem 2014; 157: 339-46.

9. Wang JZ, Dong XB, Yue JY, Zhang CH, Jia W, Li X.
Preparation of substrate for flavorant from chicken bone residue
with Hot-pressure process. J. Food Sci 2016; 81(3): C578-86.
doi: http://dx.doi.org/10.1111/1750-3841.13211

10. Dittrich R, Dragonas C, Kannenkeril D, Hoffmann I, Mueller A,
Beckmann M, et al. A diet rich in Maillard reaction products
protects LDL against copper induced oxidation ex vivo, a human
intervention trial. Food Res Inter 2009; 42(9): 1315-22.

Citation: Food & Nutrition Research 2016, 60: 27827 - http://dx.doi.org/10.3402/fnrv60.27827

(page number not for citation purpose)


http://dx.doi.org/10.1111/1750-3841.13211
http://www.foodandnutritionresearch.net/index.php/fnr/article/view/27827
http://dx.doi.org/10.3402/fnr.v60.27827

Jin-Zhi Wang et al.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hayase F, Hirashima S, Okamoto G, Kato H. Scavenging of
active oxygens by melanoidins. Agric Biol Chem 1989; 53(12):
3383-5.

Adler-Nissen J. Determination of the degree of hydrolysis
of food protein hydrolysates by trinitrobenzenesulfonic acid.
J Agric Food Chem 1979; 27(6): 1256-62.

Somoza V. Five years of research on health risks and benefits of
Maillard reaction products: an update. Mol Nutr Food Res
2005; 49(7): 663-72.

Wang H-Y, Qian H, Yao W-R. Melanoidins produced by the
Maillard reaction: structure and biological activity. Food Chem
2011; 128(3): 573-84.

Wijewickreme AN, Kitts DD. Influence of reaction conditions
on the oxidative behavior of model Maillard reaction products.
J Agric Food Chem 1997; 45(12): 4571-6.

Vagnarelli P, De Sario A, Cuzzoni MT, Mazza P, De Carli L.
Cytotoxicity and clastogenic activity of ribose-lysine browning
model system. J Agric Food Chem 1991; 39(12): 2237-9.
Seiquer I, Diaz-Alguacil J, Delgado-Andrade C, Lopez-Frias M,
Hoyos AM, Galdé G, et al. Diets rich in Maillard reaction
products affect protein digestibility in adolescent males aged
11-14 y. Am J Clin Nutr 2006; 83(5): 1082-8.

Navarro MP. Impact of Maillard reaction products on mineral
bioavailability. In: Vaquero MP, Garcla-Arias T, Carbajal A,
Sanchez-Muniz FJ, eds. Bioavailability of micronutrients and
minor dietary compounds metabolic and technological aspects.
Kerala: Research Signpost; 2003, pp. 133-45.

Mottram DS, Wedzicha BL, Dodson AT. Food chemistry:
acrylamide is formed in the Maillard reaction. Nature 2002;
419(6906): 448-9.

Skog K, Johansson M, Jagerstad M. Carcinogenic heterocyclic
amines in model systems and cooked foods: a review on for-
mation, occurrence and intake. Food Chem Toxicol 1998; 36(9):
879-96.

FAO (2009). Feeding the world, eradicating hunger. World
Summit on Food Security. Rome: Food and Agricultural
Organization of the United Nations.

USDA (2012). Poultry, fish and milk. Available from: http://
usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?
documentID=1028 [cited 25 October 2014].

Fonkwe L, Singh R. Protein recovery from mechanically
deboned turkey residue. Trans ASAE 1994; 37(2): 527-34.
Cunniff P. Official methods of analysis of AOAC International.
16th ed. Washington, DC: Association of Official Analytical
Chemists; 1995.

Fonkwe LG, Singh RK. Production and characterization of
gelatinous protein extracts from turkey deboner residue. Process
Biochem 1997; 32(4): 309—18.

National Criteria of China, GB 14924.3 - 2010. Laboratory
animals - Nutrients for formula feeds. Beijing, China: China
Standard publisher.

Tang M, Xie T, Cheng W, Qian L, Yang S, Yang D, et al.
A 90-day safety study of genetically modified rice expressing
rhIGF-1 protein in C57BL/6J rats. Transgenic Res 2012; 21(3):
499-510.

Schreder M, Poulsen M, Wilcks A, Kroghsbo S, Miller A,
Frenzel T, et al. A 90-day safety study of genetically modified
rice expressing CrylAb protein (Bacillus thuringiensis toxin) in
Wistar rats. Food Chem Toxicol 2007; 45(3): 339-49.

OECD (1998). OECD Guidelines for Testing of Chemicals
No. 408, Repeated dose 90-day oral toxicity study in rodents.
Paris, France: OECD.

SAS Institute (2012). Base SAS 9. 3 Procedures Guide, vol 1.
Cary, NC: SAS Institute.

Purina Mills Incorporated (2010). LabDiet Technical Update,
Summary of Nutritional Analyses for Certified Rodent LabDiet_

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

5002. Available from: http://www.labdiet.com/cs/groups/lolweb/
@labdiet/documents/web_content/mdrf/mdid/ ~edisp/ducm04_
028037.pdf [cited 22 January 2015].

NRC (1995). Nutrient requirements of laboratory animals, 4th
revised edition. Washington, DC: National Academy Press.
US EPA (2000). Background document for the FIFR A scientific
advisory panel on mammalian toxicity assessment guidance for
protein plant pesticides. Available from: http://www.epa.gov/
scipoly/sap/2000/june/mammaltox.pdf [cited 11 January 2015].
FAO/WHO (1996). Biotechnology and food safety report.
Report of a joint FAO/WHO expert consultation. Available
from: ftp:// ftp.fao.org/es/esn/food/biotechnology.pdf [cited 10
February 2015]

Sjoblad RD, McClintock JT, Engler R. Toxicological considera-
tions for protein components of biological pesticide products.
Regul Toxicol Pharm 1992; 15(1): 3-9.

Delaney B, Astwood JD, Cunny H, Conn RE, Herouet-
Guicheney C, Maclntosh S, et al. Evaluation of protein safety
in the context of agricultural biotechnology. Food Chem Toxicol
2008; 46: S71-97.

Conolly RB, Lutz WK. Nonmonotonic dose-response relation-
ships: mechanistic basis, kinetic modeling, and implications for
risk assessment. Toxicol Sci 2004; 77(1): 151-7.

Said A, Hegsted D. Response of adult rats to low dietary levels
of essential amino acids. J Nutr 1970; 100(11): 1363-75.
Delaney B, Appenzeller LM, Roper JM, Mukerji P, Hoban GP.
Thirteen week rodent feeding study with processed fractions
from herbicide tolerant (DP-0373496-4) canola. Food Chem
Toxicol 2014; 66(11): 173—-84.

Zhao YM, Zheng DX, Huang YY. Study the normal reference
range on haematology, serum biochemistry and organ-to-body
weight ratios of SD rats. Chin J Health Lab Technol 2002; 12(2):
165-7.

IARC (1994). Monographs on the evaluation of carcinogenic
risks to humans. Acrylamide, Summary of Data Reported and
Evaluation. Lyon, France: IARC, pp. 389-433.

FAO/WHO (2011). Safety evaluation of certain contaminants in
food. AO JECFA Monographs 8, WHO Food Additives Series,
No. 63.

Normandin L, Bouchard M, Ayotte P, Blanchet C, Becalski A,
Bonvalot Y, et al. Dietary exposure to acrylamide in adolescents
from a Canadian urban center. Food Chem Toxicol 2013; 57(9):
75-83.

Delgado-Andrade C, Seiquer I, Garcia MM, Gald6 G, Navarro
MP. Increased intake of Maillard reaction products reduces
phosphorous digestibility in male adolescents. Nutrition 2011;
27(1): 86-91.

Kuroiwa K, Shibutani M, Inoue K, Lee K-Y, Woo G-H,
Hirose M. Subchronic toxicity study of water pepper extract
in F344 rats. Food Chem Toxicol 2006; 44(8): 1236—44.

Wu S, Hu J, Wei L, Du Y, Shi X, Zhang L. Antioxidant and
antimicrobial activity of Maillard reaction products from xylan
with chitosan/chitooligomer/glucosamine hydrochloride/taurine
model systems. Food Chem 2014; 148(8): 196-203.

Perelld6 G, Marti-Cid R, Castell V, Llobet JM, Domingo JL.
Concentrations of polybrominated diphenyl ethers, hexachloro-
benzene and polycyclic aromatic hydrocarbons in various
foodstuffs before and after cooking. Food Chem Toxicol 2009;
47(4): 709-15.

*Chun-Hui Zhang

No. 2 Yuan Ming Yuan West Road
Haidian, Beijing, China

Email: zhangchunhui@caas.cn

Citation: Food & Nutrition Research 2016, 60: 27827 - http://dx.doi.org/10.3402/fnrv60.27827

(page number not for citation purpose)


http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1028
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1028
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1028
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1028
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1028
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1028
http://www.labdiet.com/cs/groups/lolweb/@labdiet/documents/web_content/mdrf/mdi4/~edisp/ducm04_028037.pdf
http://www.labdiet.com/cs/groups/lolweb/@labdiet/documents/web_content/mdrf/mdi4/~edisp/ducm04_028037.pdf
http://www.labdiet.com/cs/groups/lolweb/@labdiet/documents/web_content/mdrf/mdi4/~edisp/ducm04_028037.pdf
http://www.labdiet.com/cs/groups/lolweb/@labdiet/documents/web_content/mdrf/mdi4/~edisp/ducm04_028037.pdf
http://www.epa.gov/scipoly/sap/2000/june/mammaltox.pdf
http://www.epa.gov/scipoly/sap/2000/june/mammaltox.pdf
http://ftp:// ftp.fao.org/es/esn/food/biotechnology.pdf
http://www.foodandnutritionresearch.net/index.php/fnr/article/view/27827
http://dx.doi.org/10.3402/fnr.v60.27827

