
NOTE Clinical Pathology

Effects of Feeding Calves Genetically Modified Corn Bt11: A Clinico-Biochemical 
Study

Nobuaki SHIMADA1), Hideo MURATA1), Osamu MIKAMI1), Miyako YOSHIOKA1), Keerthi S. GURUGE1), 
Noriko YAMANAKA1), Yasuyuki NAKAJIMA1) and Shigeru MIYAZAKI1)

1)Safety Research Team, National Institute of Animal Health, Tsukuba, Ibaraki 305–0856, Japan 

(Received 7 March 2006/Accepted 8 June 2006)

ABSTRACT. Genetically modified corn Bt11 is insect-resistant and expresses Cry1Ab toxin, an insecticidal protein, in kernels.  Although
Bt11 corn is considered safe based on animal performance, there are no reports available on the clinico-biochemical effects of feeding
it to cattle.  In this study, we evaluated the effects of feeding Bt11 to calves, using blood and ruminal clinico-biochemical parameters.
Our three-month-long feeding experiment demonstrated that calves (n=6), fed with a ration containing 43.3% of Bt11 corn kernels as
dry matter, did not develop any discernible clinical, hematological, biochemical, or ruminal abnormalities as compared with control
calves (n=6) fed non-Bt11 corn.  The results suggest that the transgenic Bt11 has no negative clinico-biochemical effects on calves.
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The use of biotechnology in insect-resistant plants greatly
contributes to the efficiency of crop production and is
expected to be a key technology for resolving breadbasket
issues or global environment problems.  However, there are
public concerns about the ecological risks and safety of the
byproducts of these transgenic crops.

Bt11 corn, a transgenic insect-resistant plant designed to
produce insecticidal Cry1Ab toxin, provides specific protec-
tion against Lepidoptera infestation throughout the life of
the plant.  The toxin is lethal to the target insect in that it
damages the insect’s mid-gut cells.  The toxin is activated
by the mid-gut protease when ingested by the susceptible
insect larvae.  Following that, the Cry toxin is considered to
attack the insect’s mid-gut epithelial cells by binding to
receptors on the cells, invading the cell membrane, and
forming somewhat cation-selective ion channels that result
in the disintegration of the membrane and osmotic cell lysis.
Based on in vivo experiments [6, 7], the Cry toxin, however,
is considered harmless to humans and farm animals due to
the lack of both the activation process of Cry proteins [9]
and the Cry toxin receptor in mammalian intestinal epithe-
lial cells [10, 12].  Consequently, the Cry toxin has become
a genetic resource for developing insect-resistant, geneti-
cally modified (GM) plants including Bt11 [2].  Before the
introduction of Bt11 corn, there were several studies to
assess its safety based on livestock performance [1, 4, 5].
However, there is little knowledge available on the clinico-
biochemical effects of feeding Bt11 to cattle.  Therefore, in
this study, we examined the health status, hematological,
biochemical and rumen functions of calves fed Bt11 corn
for three months.

Bt11 (N58-D1 Lot#2608611) and non-Bt isoline
(NX5768 Lot#2608612) were purchased from Novartis
Seed Inc. (NC, U.S.A.).  The purity of Bt11 was 99%, and
the contamination to non-Bt isoline was 1.3%, which were
validated by Genetic ID Inc. (Kanagawa, Japan).  Novartis

Seed Inc. also confirmed that there was no contamination of
mycotoxins (Aflatoxin B1, B2, G1, G2, Zearalenone, Deox-
ynivalenol and Fumonisin B1, B2, B3).  Corn meal was pre-
pared using a hammer mill attached to a 3 mm sieve.  The
experimental feeds contained 43.3% Bt11 or non-Bt corn
kernel as dry matter.  The composition of the experimental
feed [3] was determined according to the Japanese feeding
standard for beef cattle (Agriculture, Forestry and Fisheries
Research Council Secretariat, MAFF, Tokyo, Japan, 2000)
to attain a daily body weight gain of 1 kg.

Twelve healthy 2-month-old cross-breed calves (Japa-
nese Black × Holstein) were housed individually for three
weeks for acclimatization.  A ruminal fistula was surgically
inserted in each calf, and the calves were housed another 3
weeks for recovery.  The calves were then randomly
assigned to experimental (Bt11-fed) and control (non-Bt-
fed) groups of 6 calves each and reared for 3 months.  This
experimental duration was set to meet the minimum period
for safety assessment of a GM feed [6].  The feed was sup-
plied twice a day at 9 am and 4 pm, and water was accessible
ad libitum.  Sampling was done every 2 weeks for a period
of 12 weeks from the start of the Bt11 feeding.  Samples of
peripheral blood and rumen juice were collected 2 hr after
feeding.  This experiment was carried out in accordance
with the guidelines for animal experiments of the National
Institute of Animal Health (Tsukuba, Japan).

The hematological and biochemical parameters evaluated
were as follows.  Red blood cells (RBC), white blood cells
(WBC), hematocrit (Ht), and hemoglobin (Hb) were mea-
sured with a Celltac MEK-5158 (Nihon-kohden, Tokyo,
Japan).  Aspartate aminotransferase (AST), γ-glutamyl-
transferase (GGT), alkaline phosphatase (ALP), total-
Bilirubin (T-Bil), total protein (TP), albumin (Alb), total
cholesterol (T-Ch), triacylglycerol (TG), blood urea nitro-
gen (BUN), creatinine (Cre), calcium (Ca), inorganic phos-
phorus (iP), magnesium (Mg), and glucose (Glu) were
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determined on an Automatic Analyzer 7050 (Hitachi,
Tokyo, Japan).  Na, K, and Cl in serum were measured with
an Electrolyte Analyzer IS-50C (Jokoh, Tokyo, Japan).

Samples of ruminal fluid were collected from calves via
fistulae at two hours after feeding.  The samples were
squeezed through 2 layers of sterile gauze, and ruminal pH
was measured using a pH meter.  A part of the filtrate was
centrifuged for 30 min at 30,000 g.  The supernatant was fil-
tered through a 0.2 µm filter, and was frozen at –20°C until
the analyses.  For volatile fatty acids (VFA) and lactic acid
analyses, 1 ml of the preserved filtrate was mixed with 50 ml
of 20% sulfosalicylic acid and centrifuged at 18,000 g for 10
min.  The obtained supernatant was then applied to a high-
performance liquid chromatography column (Shodex Ion-
pak KC-811, Showa Denko, Japan) and eluted with 3 mM
HClO4 at a flow rate of 1 ml/min.  Eluates were visualized
by post-column mixing with 0.2 mM bromothymol blue in
15 mM Na2HPO4 at a flow rate of 1.5 ml/min and detected
by the absorbance at 445 nm.  The concentration of ammo-
nia nitrogen in the preserved filtrate was determined by Dri-
chem 5500 (Fujifilm, Tokyo, Japan).  The lipopolysaccha-
ride (LPS) concentration in the preserved filtrate was mea-
sured by an automated turbidimetric-kinetic assay kit
(Limulus ES-II Test Wako, Wako, Japan) as described pre-
viously [8].

After measurement, all values were expressed as a mean
± S.D.  We evaluated the significance of the difference
between mean values of Bt and control groups at each sam-
pling week by Student’s t-test.  A level of p<0.01 was
regarded as significant.

In this experiment, there was no effect of Bt11 corn feed-
ing on body weight gain, body temperature, or gross clinical
symptoms.  The daily body weight gain of Bt11-fed and

control calves was 0.99 ± 0.18 and 0.96 ± 0.17 kg/day,
respectively.  Calves in both groups showed no abnormal
clinical signs such as fever, cough or diarrhea during the
experiment.

All the hematological and biochemical parameters mea-
sured, i.e. RBC, WBC, Ht, Hb, AST, GGT, ALP, T-Bil, TP,
Alb, T-Ch, TG, BUN, Cre, Ca, iP, Mg, Glu, Na, K, and Cl
remained normal throughout the observation period in both
groups.  In Table 1 we present the values of those parame-
ters at week 0 (just before the feeding experiment) and week
12 (the last week of the experiment).  We also confirmed no
abnormalities at any other in between sampling points.  Dur-
ing the experiment, RBC gradually decreased and BUN
increased in both groups.  These shifts, however, might have
reflected physiological adaptations correlating to the
growth.  Although two Bt11-fed calves and one control calf
at week 0 had high AST activity (99 to 112 IU/l), these
activities returned to normal levels after week 2.  Therefore,
we consider that the high AST activity of the three calves at
the beginning of the experiment represented damage of
hepatocytes for some reasons but was unrelated to the intro-
duction of Bt11 feeding.  It was clear that the continuous
ingestion of Bt11 corn afterward did not affect those ani-
mals’ liver function.  The finding corresponds well with our
recent in vitro knowledge that purified Cry1Ab, the key
toxin expressed in the corn, does not damage the hepatocyte
[11].

Similarly, there was no particular effect of Bt11 corn
feeding on ruminal pH, VFA, lactic acid, ammonia nitrogen,
or free LPS (Table 2).  Although we only show the ruminal
data at weeks 0 and 12, we confirmed no abnormalities at
any other in-between sampling points.  Both Bt11-fed and
control calves had relatively high LPS and slightly low

Table 1. Hematological and biochemical data for calves in 3-month Bt11 corn-feeding trial

Week 0 Week 12
Control Bt11 Control Bt11

RBC (× 104/µl) 1010 ± 233 1022 ± 171 860 ± 66 873 ± 34
WBC (× 102/µl) 91 ± 27 97 ± 26 102 ± 14 109 ± 24
Ht (%) 35 ± 3 37 ± 4 34 ± 1 34 ± 1
Hb (g/dl) 11.9 ± 1.6 11.8 ± 1.6 11.2 ± 0.3 11.3 ± 0.6
AST (IU/l) 57.5 ± 27.0 67.1 ± 27.4 43.5 ± 6.2 45.3 ± 5.3
GGT (IU/l) 16.5 ± 5.0 19.1 ± 2.3 16.1 ± 5.5 14.5 ± 1.5
ALP (IU/l) 328.5 ± 101.8 382.0 ± 115.0 427.6 ± 81.5 346.3 ± 61.4
T-Bil (mg/dl) 0.08 ± 0.03 0.09 ± 0.04 0.08 ± 0.05 0.08 ± 0.06
TP (g/dl) 6.4 ± 0.3 6.4 ± 0.3 6.6 ± 0.2 6.5 ± 0.1
Alb (g/dl) 3.5 ± 0.4 3.4 ± 0.2 3.7 ± 0.1 3.7± 0.1
T-Ch (mg/dl) 83.0 ± 17.8 70.8 ± 23.3 109.6 ± 20.7 93.0 ± 21.3
TG (mg/dl) 19.8 ± 6.1 14.5 ± 5.3 20.0 ± 9.2 14.8 ± 6.0
BUN (mg/dl) 11.1 ± 4.9 11.3 ± 5.2 15.9 ± 2.0 14.6 ± 1.3
Cre (mg/dl) 1.0 ± 0.1 1.0 ± 0.2 0.9 ± 0.1 1.0 ± 0.1
Ca (mg/dl) 10.1 ± 0.3 10.3 ± 0.3 10.2 ± 0.3 10.3 ± 0.3
iP (mg/dl) 8.5 ± 1.0 8.2 ± 1.1 9.4 ± 0.4 9.8 ± 0.5
Mg (mg/dl) 2.3 ± 0.2 2.3 ± 0.2 2.2 ± 0.2 2.2 ± 0.1
Glu (mg/dl) 89.6 ± 12.5 86.3 ± 7.3 94.0 ± 6.9 93.0 ± 5.9
Na (mEq/l) 138.8 ± 1.9 137.1 ± 3.6 139.0 ± 2.4 138.8 ± 3.0
K (mEq/l) 4.4 ± 0.3 4.0 ± 0.1 4.1 ± 0.2 4.1 ± 0.2
Cl (mEq/l) 101.1 ± 1.1 98.5 ± 3.4 101.0 ± 1.9 100.5 ± 3.0

Values are expressed as means ± S.D. n=6.
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ruminal pH, but no statistically significant differences were
observed between the 2 groups, indicating that these
changes were unrelated to the Bt11 feeding.  We consider
that this phenomenon was due to the amounts of concen-
trated feed given to calves, since both groups were given the
high percentage of corn that theoretically maintained a bal-
anced cattle diet.

In conclusion, the present results suggest that the insect-
resistant transgenic corn Bt11 had no negative effects on
clinical symptom, growth rate, hematology, blood biochem-
istry, or rumen functions of calves.  It seems unlikely that
Bt11 and its byproducts are harmful when fed to cattle.
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Table 2. Ruminal data for calves in 3-month Bt11 corn-feeding trial

Week 0 Week 12
Control Bt11 Control Bt11

pH 6.3 ± 0.3 6.1 ± 0.5 6.6 ± 0.1 6.3 ± 0.1
Lactic acid (mmoles/l) ND 1.16 ± 2.59 0.04 ± 0.11 0.07 ± 0.18
Acetic acid (mmoles/l) 61.0 ± 12.1 60.2 ± 3.4 53.9 ± 12.9 53.3 ± 11.7
Propionoic acid (mmoles/l) 17.6 ± 5.1 22.7 ± 5.6 15.3 ± 4.9 17.0 ± 4.6
Butyric acid (mmoles/l) 13.8 ± 6.2 12.8 ± 5.2 10.5 ± 3.4 11.2 ± 3.3
Ammonia nitrogen (mg/dl) 16.7 ± 8.8 10.2 ± 9.0 16.1 ± 5.6 13.8 ± 6.8
LPS (µg/ml) 342.1 ± 204.9 1017.1 ± 798.3 460.3 ± 493.4 482.8 ± 543.2

Vales are expressed as means ± S.D. n=6. ND: Not detected.


