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A B S T R A C T   

Recycling food by-products as animal feed could decrease livestock production costs. We investigated how 
replacing conventional corn and wheat bran feed (control) with rice bran and soybean curd residue (RBSR) 
would influence lamb performance and meat quality. Eleven lambs were divided into the control and the RBSR- 
fed groups. The amount of feed consumed by the lambs, as well as their body weight, nutrient properties (total 
protein, non-esterified fatty acid, total cholesterol, glucose concentrations) in blood samples, and fecal condition 
were evaluated. Meat quality (water holding capacity, cooking loss, fat content, and shear force) of their car-
casses were also evaluated. Results shows daily body weight gain per lamb in the RBSR-fed group was 
approximately 2.2-fold than that in the control group. The mean total blood protein and glucose concentrations 
exhibited increasing trends after feeding with RBSR. In addition, the shear force of the meat was significantly 
lower and crude fat content was significantly higher in RBSR-fed lambs than in lamb fed the control feed. The 
study concluded that, RBSR could replace conventional feed for Japanese sheep and can be used to not only 
reduce feed and disposal costs but also increase animal production and meat quality.   

1. Introduction 

There are increasing calls for the recycling of food by-products or 
food waste as animal feed to foster sustainability in society while 
reducing animal feed costs and disposal costs globally. In Japan, such 
animal feeds prepared from food by-products and surplus food are called 
eco-feed and they are expected to reduce pork production costs in Japan 
considerably (Sugiura, Yamatani, Watahara & Onodera, 2009). 

Rice bran and soybean curd residue (RBSR) are traditional Japanese 
food by-products. They are not only rich in CP, fat, and energy but also 
have good palatability and digestibility characteristics; therefore, they 
are potential replacements for imported grain feed in Japan (Cao, 
Takahashi & Horiguchi, 2009). However, there are concerns over feed 
quality and nutrition stability, in addition to animal health and meat 
quality when eco-feed is used in livestock production. Generally, 
eco-feed contains a lot of water, which makes feed quality and nutrients 
deteriorate more easily. In addition, dietary kapok oil supplementation 
makes firm fat which prevents the development of soft fat, and therefore 
produces pork with inferior grades. Kapok oil decreases pork palatability 
as its supplementation reduce mono-unsaturated fatty acids (Maeda 
et al. 2017). However, the effect of eco-feed on lamb performance and 

meat quality has not been investigated. In the present study, we inves-
tigated the potential effects of replacing imported grain feed (corn and 
wheat bran) with RBSR on lamb performance and meat quality. 

2. Materials and methods 

2.1. Animal management 

The experiments were carried out at a farm in Miyagi Prefecture, in 
northern Japan. We used 11 5–6 month-old male lambs (Suffolk) that 
had been maintained in the same barn for 3 weeks from the end of 
August 2018. Each lamb was individually moved to 2 pens (10 m2) in 
turn to separate at feeding time. Six male lambs (mean body weight: 
31.6 kg) were fed 125 DM g of conventional corn and 125 DM g of wheat 
bran (control) in the morning and in the evening with 500 g feeding of 
timothy and wild grass, and the other five male lambs (mean body 
weight is 28.1 kg) were fed with 125 g of rice bran and 125 g of soybean 
curd residue daily as a corn and wheat bran replacement. When the 
lambs were fed, the feed remaining in the troughs after 30 min was 
removed and weighed. The lambs fed on RBSR were habituated to the 
new feed by the addition of small amounts of RBSR into their feed for 5 
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days before the beginning of the feeding experiments and assessments. 
The RBSR was dried in a forced-air oven at 60 ◦C for 48 h before the 
feeding. The chemical composition of the feeds based on standard tables 
of feed composition in Japan (NARO 2010) are presented in Table 1. 

Lambs were fed for 4 months, and this duration included a 7-day 
adaptation period. Initial and final body weights of the lambs were 
recorded by a digital flat scale. Daily gain was calculated based on the 
initial and final body weights. 

2.2. Blood and fecal analysis 

Blood samples were obtained from the lambs supplied with RBSR 
and collected in evacuated EDTA tubes on the initial and final dates of 
the experiment at similar period. Total protein, total cholesterol, non- 
esterified fatty acids (NEFA), and glucose in the plasma were 
measured using commercially available kits on a Hitachi 7180 Auto-
analyzer (Hitachi Ltd., Tokyo, Japan). 

We examined fecal samples from all the lambs in the course of the 
experiments and the clinical severity of any diarrhea was scored 
(Yoshihara et al., 2016). Scores were Level 1: healthy feces (fully 
formed); Level 2, loss of shape of less than half of the feces; Level 3, loss 
of shape of more than half of the feces; and Level 4, loss of shape of all of 
the feces, with watery diarrhea. 

2.3. Meat quality analysis 

After the experiments, all the ewes were slaughtered at a commercial 
abattoir and meat samples were vacuum packed and frozen at − 20 ◦C in 
a freezing chamber. Loin chops of each animal were used in chemical 
and physical analyses. All subsequent measurements were carried out on 
meat thawed for 24 h at 4 ◦C. 

The water holding capacity (WHC) of the meat samples were deter-
mined using the centrifugal method (Quéqiner et al. 1989). Samples 
(0.5 g) were placed on polyester membranes, which were kept in the 
middle of centrifuge tubes using plastic beads. The samples were 
centrifuged at 2200 × g for 30 min. WHC was expressed as a percentage 
of the initial water content of the meat. 

Cooking loss was assessed using 50-g samples placed in polyethylene 
bags. It was calculated based on the meat weight before and after 
cooking in a water bath for 1 hour until an internal temperature of 73 ◦C 
was reached. 

Instrumental tenderness (shear force) was analyzed using the cooked 
samples. The shear force was measured using a 2-mm-thick plunger 
attachment of a CR-500DX-S rheometer (SUN scientific Co., Tokyo, 
Japan). The mean maximal cutting strength was obtained from four 
technical replicates. 

Crude fat content was determined using the Soxhlet method, in 
which the samples used for the water content analyses were first sub-
jected to acid hydrolysis by boiling with ether for 16 h, and then 
weighed after drying for 2 h at 103 ± 2  ◦C. The melting point of the fat 
samples was determined using the capillary tube method according to 
the Association of Official Analytical Chemists, 2005 official method. 

2.4. Data analysis 

Repeated-measures Analysis of Variance was used to test for statis-
tically significant differences in body weight between treatments. t-test 
was used to test for statistically significant differences in shear force and 
melting point in the meat between treatments, while Mann–Whitney U 
test was used to test for significant differences in crude fat, WHC, and 
cooking loss in the meat between treatments. The analyses were per-
formed using Statistica v12 (Dell Statistica, Tulsa, OK, USA, 2013). 
Differences with P ≤ 0.05 were considered significant. 

3. Results and discussion 

The daily intake of the RBSR-fed group was 269 g per lamb on mean, 
which was less than that of the control group (500 g, P < 0.01) While one 
of the lambs in the RBSR group consumed all the feed supplied, the other 
four consumed relatively less amounts. Therefore, feed intake among the 
five lambs was considerably different (SD = 133.63 g). Conversely, all 
the control group consumed all the corn and wheat bran supplied daily. 

According to the clinical severity scores for diarrhea, the RBSR-fed 
sheep produced 70% level 1 and 2 feces, and 30% level 3 feces, 
implying that the sheep could digest the feed without developing 
diarrhea. 

Daily body weight gain per lamb in the RBSR-fed group was 
approximately 2.2–fold that in the control group (Fig. 1), although there 
were no significant differences in body weight gain between the groups 
(F = 2.79, P = 0.21). In addition, although the mean total blood protein 
and glucose concentrations were tended to increase in the RBSR-fed 
group (P = 0.06 and 0.07, Fig. 2), there were no significant changes in 
total cholesterol and NEFA content (P = 0.27 and 0.15). 

In another study, lambs that received diets that replaced barley with 
feed containing more than 45% rice bran had lower feed intake and 
lower mean daily gain, potentially due to the adverse effects of rich fat 
on ruminal digestibility (Table 1, Tabeidian & Sadegh, 2009). Never-
theless, the enhanced animal nutrition in lambs fed on RBSR in the 

Table 1 
Chemical composition (%) of the dry matter feed used in the present study. The crude protein concentrations were measured by determining N, using the Kjeldahl 
method, and a factor of 6.25 was used for the conversion of N into crude protein. The ether extracts and fibers were determined using the diethyl ether and detergent 
methods. The crude ash was determined by incineration at 600 ◦C for 3 h. Nitrogen free extracts were calculated by total concentrations (100%) minus other 
compositions.  

Feed name Crude 
protein 

Ether 
extract 

Nitrogen free 
extracts 

Crude 
fiber 

Acid detergent 
fiber 

Neutral detergent 
fiber 

Crude 
ash 

Total Digestible 
Nutrients 

Corn 9.2 4.4 82.9 2.0 3.0 10.5 1.5 93.6 
Wheat bran 17.7 4.5 61.5 10.5 14.2 38.8 5.8 72.3 
Rice bran 16.8 21 43.4 8.8 11.7 28.3 10 91.5 
Soybean curd 

residue 
26.1 11.5 42.3 16 22.3 33.6 4.1 93.4 

Timothy 14.7 4.3 45.7 25 29.3 53.8 10.3 65.8  

Fig. 1. Daily gain of lamb (mean ± standard error) between the control and the 
rice bran and soybean curd fed (RBSR) groups on the final date of the feeding 
experiments. 
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present study could be due to the high nutrient content and preference 
for Tofu (Table 1, Cao et al., 2009). Indeed, the TDN of soybean curd 
residue (93.4%) is much greater than nutritional needs of growing 
(81.8%) and finishing lambs (75. 8%, National Research Council, 2007). 
Goats supplied with feed with 20% Tofu with RBSR had 15% higher 
plasma cholesterol and 50% less free fatty acid content than did goats 
fed corn mixed with wheat bran (Nagamine, Sunagawa, & Kina, 2013), 
which indicated that the combination of soybean curd residue rich in 
protein and rice bran rich in fat has synergistic effects that increase 
nutrients. 

Shear force decreased and crude fat increased in lambs fed on the 
RBSR when compared with lambs fed the control feed (Table 2, P <
0.01). However, there were no significant differences in WHC (P =
1.00), cooking loss (P = 0.53), and melting point (P = 0.38). Supplying 
rice bran does not increase fat in carcass (Sun et al. 2016, Cutrim et al., 
2012, Tabeidian & Sadegh, 2009); therefore, the high nutrient levels (e. 
g. crude protein) in soybean curd residue could have increased the fat 
content, which led to the tender meat (Moon, Yang, Park & Joo, 2006). 
Although low fat content in meat, in particular, is a major consumer 
preference in European societies (Koistinen et al., 2013), Japanese 
consumers still prefer meat with high fat content, which has a sweet, 
fatty and butter-like flavor, in addition to tender and juicy characteris-
tics (Sasaki et al., 2017). 

4. Conclusion 

Based on the blood properties and body weight, animal nutrition in 
the RBSR-fed sheep was superior. Moreover, eco-feed (rice bran and 
soybean curd residue) could replace conventional feed (imported corn 
and wheat bran) for Japanese sheep, and the eco-feed can not only 
reduce feed and disposal costs but also enhance livestock production and 
meat quality. 
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Table 2 
Meat quality in the control and the rice bran and soybean curd residues fed 
groups.   

Control Significant 
difference 

RBSR 
Mean Standard 

Error 
Mean Standard 

Error 

Water holding 
capacity (%) 

71.15 1.81  71.60 2.49 

Cooking loss 
(%) 

17.44 2.48  19.90 0.96 

Melting point 
of fat (◦C) 

45 0.3  43.71 1.42 

Shear force (N/ 
cm3) 

6.86 2.14 * 3.69 0.60 

Crude fat (%) 49.21 3.34 * 69.08 2.69  
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