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Objective: This work was to find the correlation of alcohol dehydrogenase 1C (ADH1C) geno-
type with vitamin A reduction and carcass traits during the vitamin A restriction period.
Methods: In study 1, 60 Korean native steers were fed a diet (890 IU/kg) with 8,000 IU and
0 IU of supplemental premix vitamin A/kg of dry matter (DM) for control and treatment group,
respectively. The levels of serum vitamin A were analyzed through high preparative performance
liquid chromatography, and the ADH1C genotype was analyzed based on polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP; 78.1% TT type, 21.9% TC type);
however, CC type was not found. Then, the interaction between ADH1C and carcass traits on the
vitamin A restriction was investigated in study 2. A total of 136 Korean native steers were fed a diet
that included 930 IU/kg vitamin A of DM.

Results: Serum vitamin A in treatment was reduced to 112.4 IU/dL in steers with TT type of
ADHIC, while for steers with TC type the concentration of serum vitamin A was dropped to
79.5IU/dL (p<0.1) in study 1. This showed that TC type had the potential to lower serum vitamin
A concentration during vitamin A restriction compared to TT type. In study 2 we found that eye
muscle area, marbling and carcass weight in Korean native steers with TC type were higher than
in steers with TT type (p<0.05).

Conclusion: The interaction between vitamin A restriction and TC type of ADHIC gene could
have the potential of increasing the marbling in Korean native steers. These results indicated that
steers with TC type of the ADHIC gene were more sensitive to the change of serum vitamin A
than TT types. Furthermore, this finding has the potential to enable a higher marbling score under
the condition of vitamin A restriction in Korean native steers.

Keywords: Vitamin A Restriction; Alcohol Dehydrogenase 1C (ADH1C);
Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP);
Marbling; Korean Native Steers

INTRODUCTION

In recent years, higher standards of living have led consumers to pay more attention to the quality
of beef. High quality beef brings satisfaction to consumers, as well as higher profits to producers.
High quality beef is assessed based on the following indicators: marbling score, muscle color, fat color,
tightness of meat and flavor [1]. Nowadays, marbling is considered as an indicator of meat quality
in the beef quality grading system. It was revealed for the first time that there is a negative corre-
lation between concentration of serum vitamin A and marbling scores, and thus the restriction
of vitamin A tended to increase marbling scores in terms of carcass traits [2]. Also, the study by
Oka et al [2] suggested that restriction of vitamin A in the early fattening stage would affect the
marbling in Japanese black cattle [2]. Meanwhile, when the vitamin A supplement in feedlot
heifers was removed, it was found that marbling was increased without affecting the thickness of
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back fat or animal health [3]. Among numerous factors, genetics
can also affect the quality of beef. Marker-assisted management
contributes to slaughter performance as well as animal by-products.
In addition, it can be inferred that the single nucleotide polymor-
phism in of alcohol dehydrogenase 1C (ADHIC c.-64T>C) is
associated with intramuscular fat (IMF) and vitamin A restric-
tion in finishing rations of Angus-cross steers [4]. Many previous
studies have shown that alcohol dehydrogenase 1 (ADH1) is a
major enzyme in achieving the oxidation from retinol to retinalde-
hyde in mouse experiments [5]. And retinaldehyde dehydrogenases
(RALDH) oxidize retinaldehyde to retinoic acid, primarily by
RADLHLI [6]. In previous studies, marbling in TT type of ADHIC
gene was higher than TC and CC type during the 5 months re-
striction of vitamin A in Angus crossbred steers [4]. It has also
been found that concentration of serum vitamin A was affected
by the time of vitamin A restriction. From this, it could be inferred
that serum vitamin A was also affected by the gene of ADHIC.
However, the association was not definite in Korean native steers.
Thus, the genotype of ADHI1C in Korean native steers needs to
be investigated. Meanwhile, when fed a diet with vitamin A re-
striction, the effect of vitamin A restriction and ADH1C genotype
in serum vitamin A and carcass traits needs to be assessed.

MATERIAL AND METHODS

Animals and management

All procedures involving animals were approved by the Animal
Care and Use Committee of Konkuk University prior to the ex-
periments (Certificate No: KU16134). A total of 60 Korean native
steers were used for study 1, and were fed a diet (890 IU/kg vita-
min A) based on corn and corn flake. The Korean native steers
used in this study were from many herds and many sires. The
groups contained 8,000 IU and 0 IU of supplemental premix
vitamin A/kg of dry matter (DM), respectively. The experiment
was conducted during the fattening period in Korean native steers
(from 15 to 24 months of age), and the composition of feedstuff
nutrient in study 1 is shown in Table 1. Blood samples were
collected from steers for each month during the period of the
experiment. In study 2, 136 Korean native steers were fed a vitamin
A restricted diet (0.93 IU/g vitamin A) during the experiment
period (from 14 to 21 months age), the nutrient composition of
which is shown in Table 1. While the feedstuff nutrient compo-
sition of vitamin A restriction in study 2 is not exactly the same
as that in study 1, a similar level and low level of feedstuff vitamin
A was still maintained. During the experiment period, the con-
centration of vitamin A in feedstuff was fed as described in Table
1. After the restriction period, the concentration of vitamin A
was changed to a high level again until slaughter in order to ob-
tain better quality beef. The carcass traits were measured after
slaughter at the age of 30 months.

Preparation of stock solutions and samples
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Table 1. Feedstuff nutrient composition of vitamin A restriction in studies 1 and 2

. Study 1
Nutrient Study 2
Control  Treatment

DM (%) 87.74 87.80 88.19
Crude protein (% DM) 15.96 15.95 14.74
Crude fat (% DM) 3.52 3.44 4.15
Crude ash (% DM) 8.06 8.23 7.1
Neutral detergent fiber (% DM) 31.62 33.23 23.81
Acid detergent fiber (% DM) 14.26 14.38 9.89
Crude fiber (% DM) 10.90 11.05 8.28
Calcium (% DM) 0.95 0.98 0.91
Phosphorus (% DM) 0.52 0.58 0.54
Non-fiber carbohydrate (% DM) 36.15 35.10 49.70
Total digestible nutrients (% DM) 82.85 82.37 84.39
Vitamin A (IU/kg) 8,890.00 890.00 930.00
DM, dry matter.

Blood was collected from the jugular vein of steer by serum tube
(BD Vacutainer, Plymouth, UK), then wrapped with tin foil and
placed in the ice box before arriving at the lab. Then, blood sam-
ples were centrifuged at 3,500 rpm for 15 min at 4°C, moved the
serum into brown 1.5 mL of brown micro tube, and finally stored
in freezer (-80°C) before use.

Then, 0.04% 2.6-di-tert-butyl-4-methylphenol (BHT, Sigma-
Aldrich cat. No. B1378, Yongin, Korea) ethanol solution and
0.04% BHT hexane solution were prepared for the analysis of
serum vitamin A (retinol). We took retinyl acetate (>99%, Sigma-
Aldrich cat. No. R7882-1g, Korea) as the internal standard. The
stock solution of retinyl acetate was made with the concentration
of 1 mg retinyl acetate/1 mL 0.04% BHT-ethanol solution. This
is followed by diluting to 25 g retinyl acetate/1 mL 0.04% BHT-
ethanol solution as the working solution during the analysis of
serum vitamin A. In addition, the ethanol, methanol and hexane
needed in this study were required to be high preparative per-
formance liquid chromatography (HPLC) grade.

Serum vitamin A analysis

Serum samples were removed from the freezer and thawed at
room temperature, then 200 pL of serum and 20 pL of internal
standard working solution were transferred to a 2 mL micro tube.
Next, 200 pL distilled water and 400 pL of 0.04% BHT-ethanol
solution were added. After vortexing vigorously, 800 pL of 0.04%
BHT-hexane solution was added and vortexed again vigorously
and centrifuged at 3,500 g for 10 min at 4°C. Next, 700 pL of
hexane was transferred into 1.5 mL of brown micro tube followed
by evaporating hexane completely under N, gas blowing by dry
block bath (MG-2200, EYELA, Tokyo, Japan). The sample was
dissolved again with 95% methanol after evaporation, and mixed
by vortex. Three control internal standard solutions were made
again by mixing internal standard working solution 20 uL and
0.04% BHT-ethanol 480 pL into brown micro tube. Finally the
solution was transferred to LC vial (G004-HP-D, Infochroma ag,
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Goldau, Switzerland) after filtering using the syringe filter (PES,
0.33 mm, 0.22 pm, SLGP033RB, Millex, Darmstadt, Germany),
then concentration of serum vitamin A was analyzed using a
HPLC machine (Agilent 1100 Series, Deutschland, Germany)
with the reverse phase column of Stainless steel Novapak C18
4 pm (3.9 mm IDx150 mm, Waters, Dublin, Ireland). The 95%
methanol was used as the mobile phase and the flow rate was
1 mL/min. Serum vitamin A (retinol) was absorbed at 325 nm
by DAD-UV lamp and the column was set at 20°C. We obtained
the area of retinol and retinyl acetate from samples using the
HPLC program in computer.

The standard curve was made by diluting the retinol (>99%,
Sigma-Aldrich cat. No. R7632-25mg, Korea) to different concen-
trations (12.5, 6.25, 3.13, 1.56, 0.78, 0.39, 0.20, 0.10, 0.05 ug/mL)
along with the 1 pg/mL of internal standard.

DNA extraction from beef

The DNA was extracted from beef using the manual method.
Beef was cut into small slices and placed into a 1.5 mL tube. The
300 pL tissue lysis buffer (TL) buffer, contained 1 M Tris-Cl PH
8.0, 0.5 M ethylenediaminetetraacetic acid (EDTA) pH 8.0, 5 M
NaCl, 10% sodium dodecyl sulfate and distilled water) was added
and mixed by inverting. Then, 5 uL proteinase K was added (20
mg/mL, G-spin Total DNA extraction Kit, iNtRON Biotechnol-
ogy, Seongnam, Korea), followed by incubation at 56°C overnight.
Next, 300 uL protein precipitation solution was added (7M Am-
monium acetate, Tech & Innovation, Seongnam, Korea) and
centrifuged at 13,000 rpm 20°C for 15 min. After this, 600 uL of
supernatant was transferred to a new 1.5 mL tube and incubated
at 65°C for 1 h after 10 uL. RNase solution was added (10 mg/mL,
G-spin Total DNA extraction Kit, iNtRON Biotechnology, Korea).
Subsequently, 600 uL was added into the tube and centrifuged
again (13,000 rpm, 20°C for 15 min). The solution was divided
into another two 1.5 mL tubes, with each tube for 600 uL, and
this was followed by adding 600 pL isopropanol to each tube,
inverting the sample and incubating at —20°C for 1 h. After that,
it was centrifuged at 13,000 rpm, 4°C for 10 min, then the super-
natant was discarded and 300 pL 70% EtoH was added to wash
the DNA extraction. Finally, the sample was centrifuged at 13,000
rpm, 4°C for 5 min, and supernatant was discarded, pellet was
dried at room temperature for 1 h, then 50 uL Tris-EDTA (TE)
buffer was added (1x TE buffer, PH 8.0, Tech & Innovation, Korea)
for storing.

Polymerase chain reaction and restricted fragment length
polymorphisms

Primer sequences for the target gene ADHI1C were 5-CAGGGC
TTAAAGATCCCAGA (forward), 3>-TAGCCAATGCTTGTC
TCTCG (reverse), which was referenced from GenBank (acce-
ssion number NC007304.4). ADHIC gene was amplified by 2x
Taq polymerase chain reaction (PCR) premix kit (Solgent Co.
Ltd, Daejeon, Korea) followed by using the T100 96-well Thermal
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Cycler (Bio-Rad Laboratories Inc, Seoul, Korea): 95°C for 5 min,
35 cycles of 30 s at 95°C, 30 s at 55°C, 1 min for 72°C, and finally
5 min at 72°C. The product of PCR was digested by BslI (New
England Biolabs, Pickering, ON, Canada) for 3 h, in which C
allele was cut into 160-bp and 93-bp fragments [4]. Then, the
type of ADH1C was shown by the separation of electrophoresis
according to a 2% agarose gel. The standard of ADH1C genotype
was shown in Figure 1, in which TT type and TC type were ex-
pressed as lane 2 and lane 3, respectively.

Beef carcass grading analyses in Korea

The Korean beef carcass-grading system included quality and
yield grade. In the quality grade, five acceptable levels (1++, 1+,
1, 2, 3) were classified according to marbling score (intramuscular
fat), lean meat color, fat color and texture of lean meat, and matu-
rity of the exposed longissimus dorsi muscle at the thirteenth
rib interface. The quality grade 1++ was considered as the highest
quality and grade 3 was the lowest quality. The yield grade in-
cluded three types (A, B, C) and was determined according to
carcass weight, subcutaneous fat thickness, eye muscle area and
meat quantity index. Yield grade A was the highest and C was
the lowest. According to the previous study; yield grade was deter-
mined on the basis of estimated retail cut percentage and the
equation for retail cut percent was that: retail cut % = 65.8834—
(0.393xback fat thickness, mm)+(0.088xarea of rib eye, cm”)-
(0.008xcold carcass weight, kg). Yield grade A, B, and C counted
for the retail cut percentage higher than 69%, 69% to 66% and
less than 66%, respectively [7]. Back fat thickness was measured
between the twelfth and thirteen ribs, maturity was determined
by evaluating the color, shape and ossification of the bones and
cartilage. Intramuscular fat or marbling score was based on beef
marbling standard (BMS; 1 = devoid, 9 = very abundant). BMS
8 or 9 was for grade 1++, 6, or 7 was for grade 1+, 4, or 5 was for
grade 1, 2, or 3 was for grade 2 and BMS 1 was for grade 3 beef

Figure 1. Agarose gel electrophoresis of alcohol dehydrogenase 1C (ADH1C) gene
.-64T>C polymerase chain reaction-restriction fragment length polymorphism. Lane
1'is 100 bp plus DNA ladder, lane 2 is standard for TT type, lane 3 is standard for TC

type.
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(KAPE; Korea Institute for Animal Products Quality Evaluation,
2011). The calculation formula of quality grade and yield grade
in Table 4 were referred to the previous study in Hanwoo steers

[7].

Statistical analysis

The result values were shown as least square means+tstandard
error of the mean. The data of serum vitamin A were analyzed by
Duncans multiple range test using one-way and two-way analysis
of variance (one-way and two-way ANOVA) in SPSS Version
21 for Windows (SPSS Inc., Chicago, IL, USA). The concentration
of serum and genotype were in included in one-way ANOVA
test, and the genotypexvitamin A interaction were included in
two-way ANOVA test. The data of carcass traits were analyzed
through Duncan’s multiple range tests using a one-way ANOVA
in SPSS Version 21 for Windows (SPSS Inc., USA). Significance
was set at p<0.05, and the trend was set at 0.1.

RESULTS AND DISCUSSION

ADHIC genotype and concentration of serum vitamin A
During the fattening period, vitamin A restriction was conducted
in treatment by feeding the feedstuff which contained 0.89 IU/g
vitamin A in study 1. The concentration of vitamin A in the con-
trol group was at a high level (8.89 IU/g). At the beginning of the
experimental period, the concentration of serum in treatment
group and control group were in the similar level (p>0.05) in Table
2. During the experimental period, concentration of serum vita-
min A in the treatment group was decreased significantly during
the experiment period (p<0.05) in Table 2. The level of serum
vitamin A in the control group did not show any change by feed-
ing with a high level of vitamin A (8.89 IU/g). Previous studies
also showed that serum vitamin A was reduced without the su-
pplement of vitamin A in the diet [8,9]. Low serum vitamin A
level also indicated the higher marbling score than high serum
vitamin A during the fattening stage in Japanese Black Steers [10].
We found that 85% of Korean native steers in study 1 were
TT type and 15% were TC type. However, we didn't find any CC
type in the 60 steers. In study 2, the ratio of TT type is 75%, with
25% of 136 Korean native steers TC type, and we still did not find
the CC type of ADHIC gene. Totally we found 78% T'T type and
22% TC type in these steers which was showed in Table 3. In terms
of the concentration of serum vitamin A, there were no differ-
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Table 3. Ratio of ADH1C genotype in Korean native steers (study 1 and 2)

TT type TC type CC type

Experiment 1

Heads 51 9 0

Ratio (%) 85 15 0
Experiment 2

Heads 102 34 0

Ratio (%) 75 25 0
Total

Heads 153 43 0

Ratio (%) 78 22 0

ADH1C, alcohol dehydrogenase 1C.

ences between the ADHI1C genotypes under a high vitamin A
level condition. However, when the vitamin A was restricted, the
TC type of ADHIC gene showed a faster downtrend (p<0.1) in
the serum vitamin A concentration than TT type, although it did
not show a significant decrease. The previous research showed
no significant results in the black Angus-cross steers during the
vitamin A restriction period [4]. But this revealed the tendency
that TC type of ADHIC had the potential to achieve a lower level
of serum vitamin A (p<0.1).

ADHI1C genotype and carcass traits in Korean native

Table 4. Effect of ADHIC gene on carcass traits in Korean native steers during
vitamin A restriction

TT type TC type p value
12.7+0.42" 13.2+0.72 0.952

Back fat thickness (cm)

Eye muscle area (cm’) 86.8°+0.94 93.0°+1.88 0.002
Carcass weight (kg) 411.0°+5.04 444.2°+9.83 0.002
Meat quantity index 64.8+0.29 64.6+0.57 0.771
Marbling score 5.2°+0.16 6.3°+0.28 0.001
Meat color 4.8+0.04 4.8+0.07 0.936
Fat color 3.0+£0.02 3.0+£0.00 0.320
Texture 1.2+0.04 1.1+0.04 0.125
Grade of maturity 2.1+0.03 2.2+0.06 0.410
Quality grade” 34.0°+0.81 39.1°+1.38 0.002
Yield grade” 187.1+6.81 184.8+12.22 0.870

ADH1C, alcohol dehydrogenase 1C.

"' Standard error of the mean.

750 = 1++,40 = 14,30 = 1,20 = 2,10 = 3.

300 = A, 200 = B, 100 = C.

Values (mean +standard error of the mean) in a row bearing different superscripts
differ significantly (p<0.05).

Table 2. Effect of ADH1C genotype on the level of serum vitamin A during vitamin A restriction (study 1)

Control (8.89 1U/g feed vitamin A) Treatment (0.89 1U/g feed vitamin A) p-value
TT type (25 heads)  TC type (6 heads) TT type (26 heads)  TC type (3 heads) G VA GxVA
Initial 136.6+4.31 127.6+8.07" 124.6+3.91 133.4+19.90 0.986 0.702 0.279
Experiment period 137.4+5.31 140.3+7.96 111.1+5.00 79.7+16.05 0.149 0.000** 0.083*

ADH1C, alcohol dehydrogenase 1C; G, genotype; VA, vitamin A; G x VA, genotype x vitamin A.

" Standard error of the mean.
*p<0.1, the value has the trend. ** p<0.05, the value is significant.
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steers under vitamin A restriction

Due to the restriction of vitamin A (0.93 IU/g vitamin A in the
feedstuft), the carcass traits for experiment 2 were showed in
Table 4. We obtained a higher value for eye muscle area, carcass
weight, quality grade and marbling score (intramuscular fat) in
TC types than in TT types (p<0.05). However, the opposite result
was achieved when compared to the previous studies in which
TT type steers had greater marbling score than TC type due to
the vitamin A restriction [4]. And in another study on the vita-
min A restriction in Angus-cross steers, vitamin A treatment at
75% of the NRC [11]-recommended level (2,200 IU/kg) revealed
a significant difference, as T'T type had greater IMF than TC type.
But vitamin A treatment at 25% and 50% of NRC [11] recom-
mend level (2,200 TU/kg) did not show this result, and vitamin
A treatment at 25% even showed that TC type steers trend higher
than TT type steers [12]. Therefore, though restriction of vitamin
A is important, the restriction level also becomes a more impor-
tant factor in the study. Although it was unclear why TT and TC
animals at the vitamin A restriction did not exhibit the same
result compared with Black Angus crossbred steers, the difterent
result in Korean native steers would be interpreted as the differ-
ence between varieties as well as the vitamin A restriction period.

At the same time, the previous study reported that the hepatic
expression of ADH1C mRNA was higher in TT steers than that
in TC steers and CC steers under the condition of vitamin A re-
striction [4]. It can be inferred that the enzyme activity of TT
type was higher than TC type and CC type in ADHIC gene.
Based on the early research finding that retinol was oxidized to
retinaldehyde by the enzyme similar to ADHI [6], retinaldehyde
was oxidized to retinoic acid by aldehyde dehydrogenase 1
(ALDH1) [13]. Furthermore, during the period of vitamin A
restriction, RALDHI has 3 times activity to transfer the retinal-
dehyde to retinoic acid [14], demonstrating that more retinoic
acid will be synthesized in this process. Many previous studies
have discovered that retinoic acid has an inhibitory effect on
adipogenesis in 3T3-L1 cell [15-17]. As TT type of ADHIC gene
has the potential to produce more retinoic acid than TC type,
greater potential for the inhibition in the adipogenesis process
could be inferred [18,19]. Thus, under the premise of vitamin A
restriction in Korean native steers, TC type of ADHIC gene was
linked to higher marbling than TT type (p<0.05). Meanwhile,
eye muscle area and carcass weight in TC type were higher than
in TT type during the vitamin A restriction period (p<0.05).
However, there were no significant differences in eye muscle
area and carcass weight among the different types of ADHIC
gene according to the previous research [4,12].

In conclusion, TC type of ADHIC gene tended to reach lower
serum vitamin A level during the vitamin A restriction period
in Korean native steers. At the same time, when vitamin A was
restricted in Korean native steers, the steers in TC type of ADHIC
gene had a much higher level of intramuscular fat than the steers
in TT type.
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