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Abstract

There is an ongoing search for novel protein sources suitable to replace soybean meal. The present
study aimed to investigate the utility of cold-pressed perilla seed meal for broiler diets. Perilla meal was
included at dietary levels of 0, 4, and 8 %. In the first experiment, apparent digestibility and
metabolisability of nutrients were performed with 24 Cobb 500 broilers. In the second experiment,
growth performance and carcass quality were investigated in 120 Cobb 500 broilers. The inclusion of
perilla meal into the diet in an iso-nitrogenous way increased feed intake and metabolisability of nitrogen
but decreased the digestibility of fat and fiber as well as the metabolisability of energy. The highest
proportion of perilla meal enhanced the growth performance. Carcass weight and dressing percentage did
not differ among groups. Proportions of total retail cuts and, among them, breast meat and thighs, were
elevated by using perilla meal, especially at a level of 8 %. The proportion of abdominal fat declined with
increasing levels of perilla meal. In conclusion, perilla meal turned out to be a valuable protein source in
broiler nutrition. It also showed that part of the soybean meal could be replaced without risking adverse
effects on growth performance and carcass quality.
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Introduction

The costs associated with broiler meat production are dominated by feed, accounting for more than
70 % [1], which greatly limits profitability. Thus, there is an ongoing search for less expensive
alternatives to common feed ingredients. An additional goal was to reduce the dependency on soybean
meal as a source of protein. Several agri-food industry by-products have been tested as alternative protein
sources in monogastric animals, such as camelina (false flax or Camelina sativa) [2] and palm kernel meal
[3].

Another potential yet uncommon feed supplement in animal nutrition is perilla (Perilla frutescens
L.). The perilla plant, cultivated in Asia, contains seeds that are well-known for their high lipid and
protein contents. The seeds contain about 40 % oil [4], with lipids richer in o-linoleic acid, representing
the n-3 fatty acids, than that of linseed oil [S]. The extracted oil may be used for medicinal purposes to
lower blood lipid levels, reduce the risk of thrombosis, prevent Alzheimer’s disease, and decrease the risk
of cardiovascular disease and sudden death from ventricular fibrillation and tachycardia [6]. Perilla seeds
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were also tested as feed for laying hens [7] and sheep [5]. The oil extraction in perilla meal enriches the
protein content to about one-third of total protein, half of which are essential amino acids [8]. Unlike
soybean seeds, perilla seeds have no trypsin-inhibiting activity [4]; thus, they do not require additional
steam treatment to valorize it as an animal feed.

Until now, few studies have been conducted on perilla meal as a protein supplement for
monogastric animals. Slow-growing native Korean chickens were fed diets containing 10 % perilla meal
[9], wherein the authors found no significant effects on growth performance or breast meat proportion of
body weight. However, the a-linolenic acid proportion of the breast meat lipids increased threefold. This
indicates that the residual oil remaining in the perilla meal could favorably modify the muscle lipids.

Another study compared various plant protein sources, including perilla meal, with respect to their
effects on growth performance and digestibility in finishing pigs [10]. In that study, feed efficiency was
higher with perilla meal compared to that of soybean meal. However, the ideal digestibility coefficients
for protein and essential amino acid were lower with perilla meal than with soybean meal. Energy and
ether extract digestibility were higher in rabbits fed with 10 % diet supplemented perilla meal than those
with either 5 % perilla meal or soybean meal as a protein source [11]. In further research, pigs, which we
fed with a diet containing 10 % perilla meal, required the least amount of time to reach a target slaughter
weight (110 kg) and had the highest average daily gains (ADG) compared with pigs fed diets with 0, 15,
and 20 % perilla meal [12]. The 15 % inclusion group showed medium backfat thickness, whereas the 20
% inclusion group produced the thinnest back fat on top of the shoulders. There was also a correlation
between the fatty acids of perilla meal and proportions of perirenal fat, backfat, intermuscular fat, and
intramuscular fat [12].

As perilla meal utility for fast-growing broilers has not yet been investigated, the present study
aimed to test if perilla meal could be used without impairing growth performance. The hypothesis tested
was that a limited proportion of soybean meal could be replaced by perilla meal in broiler diets without
any adverse effects on most if not all performance characteristics, metabolizability, and carcass quality.
We further surmised that there exists a dose-response relationship between dietary perilla meal
proportions and the resulting traits.

Materials and methods

Animal care
The experimental protocol herein was approved by the Ethics Committee on Animal
Experimentation of Maejo University, Chiang Mai, Thailand (no. MACUCO016A/2559).

Experimental diets

Two sets of 3 diet types, containing 0, 4, and 8 % lipid-extracted perilla seed meal, were mixed for
both the starter and finisher phases (Table 1). Additionally, proportions of soybean meal were reduced in
an iso-nitrogenous manner by about 2.5 and 5.5 %, respectively. Similarly, the proportion of maize
lowered and the proportion of palm oil was increased to compensate for the high fiber contents (likely
from the hulls of the seeds) and the concomitantly limited energy contents of the perilla meal. Each diet
was calculated to contain 12.4 and 13.2 MJ metabolizable energy (ME)/kg for starter and finisher period,
respectively. The process followed the existing recommendations for protein and energy in broiler diets
[13]. The perilla meal batch was a by-product from a cold extraction of perilla oil, delivered in large
sheets after drying [14], and ground into powder. The broilers were given ad libitum access to the diets
offered in mealy form.

Experiment 1

Twenty-four broilers (Cobb 500) with 1 day of age of mixed gender were obtained from a Thai
commercial company. The birds had been reared following the guidelines of the Office International des
Epizooties [15]. The broilers were reared together from 1 day of age until being 27 days old. The broilers
were assigned to the 3 dietary treatments following a randomized design at an age of 28 days. Each
treatment included 8 replications (1 broiler/replication). The broilers were housed in individual cages with
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a floor size of 30x40 cm” and a mesh size of 2.5x2.5 cm’. A board for the collection of excreta was
mounted beneath the cage floors, and the excreta were collected four times per day. The experiment
lasted for 14 days at an average (summer) room temperature with a humidity of 35 °C and 58 %,
respectively. The initial 7 days served as a period of adaptation to the diets (28 - 34 days of age).

After that, at the age of 35 days, the first meal was mixed with 0.3 % ferric oxide to be a maker for
starting excreta collection. Then, at the age of 41 days, the broiler's last meal was mixed with 0.3 % ferric
oxide again to be a marker for stopping excreta collected. The excreta collection period was determined
by the occurrence and absence of dark red colored excreta, respectively. Feathers and feed residues were
removed from the excreta collection. Then the excreta samples were weighed, homogenized, and frozen
at -20 °C. After thawing, the composited excreta samples were homogenized and dried in a forced-
ventilation oven at 60 °C for 72 hours, and later ground in a micro-mill. Diets and excreta were analyzed
for dry matter (DM), total ash (with organic matter being DM minus total ash), ether extract, and crude
fiber [16]. Nitrogen contents were analyzed via the Kjeldahl method [16], and gross energy was
determined using a bomb calorimeter (model 1281, PARR Instruments, USA). The analyses of Ca and P
was done through spectrophotometry [16]. The dietary lipids' fatty acid profile was determined by gas
chromatographic analysis using a GC121 14B (Shimadzu, Kyoto, Japan) equipped with a 0.25 mm x 30
m x 0.25 pm wall-coated fused wax capillary column and helium as a carrier gas. Oven temperature
programming included an increase from 50 to 220 °C at 10 °C/min, ramped for 35 min; and an increase
from 200 to 230 °C at 5 °C/min, ramped for 20 min at 230 °C. Injector and detector temperatures were
250 °C. Chromatograms were processed using a Millennium 2010 Chromatography Manager (Millipore
Corp., Milford, Massachusetts, USA).

Experiment 2

One-hundred and twenty 1-day old broilers (Cobb 500) of mixed gender were divided into 3 groups
following a complete randomized design. Each treatment was represented by four pens (2x1.5 m’)
containing ten birds each. The floors were covered with rice husks. Feed containers hanging above the
floor were built to avoid feed losses, and both feed and water were refilled three times a day. Fattening
lasted for 6 weeks. The average room temperature was 28 °C, and the air humidity was 58 %. Feed intake
was determined every week per pen. The birds were weighed individually on Day 1, and then once a
week until slaughter. The birds were transported to the slaughterhouse, allowed to rest for 2 h, and then
slaughtered and dressed according to commercial practices. Accordingly, the head, internal organs, and
non-carcass parts were removed from the carcass. Hot carcass weights were recorded at 40 min p.m., and
later carcasses were chilled at 3 °C for 24 h and weighed again. Dressing percentages were calculated as
the proportion of cold carcass weight and body weight (BW) at slaughter. Following Thai practices [17],
the carcasses were dissected into four retail cuts: breast (outer part of the M. pectoralis major); tenderloin
(inner part of the M. pectoralis major), thigh, and drumstick; and the weights of each individual cut were
recorded.

Statistical analysis

Data were subjected to analysis of variance using SAS version 6.12 (SAS Institute Inc., Cary, NC,
USA). The pens or individual birds (where applicable) were considered experimental units, and the diets
were considered a fixed effect. Duncan’s multiple range test was used for multiple comparisons among
means, in which the statistical significance was declared as p < 0.05.

Results and discussion

The perilla meal batch was rich in protein and fiber, and ether extract (Table 1). The residual oil
consisted of 50 % o-linolenic acid. The goal of creating iso-nitrogenous diets within the starter and
finisher diets was achieved. The diets containing 4 and 8 % perilla meal presented higher ether extract
and gross energy contents due to both the residual perilla seed oil and the supplementary palm oil. In
addition, the proportions of polyunsaturated fatty acids increased, and those of the mono-unsaturated fatty
acids decreased.
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Table 1 Ingredients and nutrient compositions of the experimental diets.

Starter diet (0 - 21 days of age)  Finisher diet (22 - 42 days of age)

Perilla meal (%) 100
0 4 8 0 4 8
Ingredients (%)
Perilla meal 100 - 4.00 8.00 - 4.00 8.00
Soybean meal - 36.9 343 31.5 32.1 29.2 26.7
Maize - 39.4 38.2 36.3 46.8 44.9 43.1
Palm oil - 5.50 5.70 6.50 4.20 4.95 5.40
Rice bran - 15.0 15.0 15.0 15.0 15.0 15.0
Opyster shell meal - 1.25 1.20 1.20 0.30 0.30 0.30
Bone meal - 1.15 0.80 0.70 0.80 0.90 0.75
NaCl - 0.35 0.35 0.35 0.35 0.35 0.35
Mineral-vitamin premix' - 0.25 0.25 0.25 0.25 0.25 0.25
L-Lysine HCI - 0.20 0.20 0.20 0.20 0.20 0.20
Analyzed composition (% of air-dry matter)
Dry matter 92.8 89.8 89.0 88.0 89.6 89.0 88.5
Organic matter 95.8 90.4 90.1 89.9 90.8 90.3 90.1
Crude protein 332 23.0 23.0 23.0 20.5 20.6 20.6
Ether extract 12.1 9.20 10.4 11.3 7.61 8.32 10.6
Crude fiber 36.0 3.11 3.91 4.20 3.01 3.69 4.19
Ca 0.68 0.88 0.89 0.81 0.91 0.84 0.84
P 0.85 0.57 0.59 0.53 0.71 0.66 0.62
Lysine 1.26 1.39 1.36 1.33 1.27 1.24 1.22
Gross energy (MJ/kg) 20.4 18.3 18.9 19.5 18.7 19.2 19.8
Metabolizable energy (MJ/kg) - 12.6 12.4 12.3 134 13.3 13.2
Analyzed fatty acid (FA) profile (% of total FA)
Cl14:0 0.42 13.1 15.4 12.1 12.6 15.9 13.7
C16:0 14.0 31.0 39.1 31.7 30.3 354 31.1
C18:0 4.26 2.01 2.87 5.24 2.13 2.32 438
C18:1 n-9 7.64 38.8 23.0 16.4 39.9 27.8 18.4
C18:2 n-6 25.8 14.2 17.4 27.2 14.4 16.8 26.0
C18:3 n-3 479 0.79 2.76 7.41 0.48 1.87 5.47
Saturated FA 18.8 46.1 57.4 49.1 45.0 53.6 50.2
Mono-unsaturated FA 7.64 38.9 23.0 16.4 39.9 27.8 18.4
Poly-unsaturated FA 73.6 15.0 19.5 345 15.1 18.6 31.4
n-6:n-3 fatty acid ratio 053 183 6.12 3.78 29.4 8.76 4.77

'Composed, per kg, of Co, 0.08 g; Cu, 1.6 g; Fe, 16 g; 1, 0.17 g; Mg, 12.2 g; Zn, 8 g; Se, 0.06; vitamin A, 400’000
IU; vitamin B;, 200 mg, vitamin B,, 300 mg; vitamin B4, 300 mg; niacin, 1500 mg; calcium pantothenate, 500 mg;
folic acid, 5.5 mg; vitamin B,,, vitamin D3, 100’000 [U; vitamin E, 750 mg, vitamin K3, 75 mg, 1 mg; biotin, 5 mg.

Experiment 1

The 35 to 41 days old broilers consumed nearly 1 kg of feed per week (Table 2). Feed intake
increased with the inclusion of perilla meal (p < 0.05), independent of its level. Broilers fed with 8 %
perilla meal excreted higher amounts of DM than those which did not receive perilla meal. The group fed
4 % perilla meal was intermediate (p < 0.05). The apparent digestibility values of ether extract and crude
fiber decreased with increasing proportions of perilla meal in the diets (p < 0.05), although not
significantly between the 0 and 4 % perilla meal inclusions with crude fiber digestibility. Additionally,
dietary energy's apparent metabolizability declined (p < 0.05) with increasing perilla meal levels. The
measured ME content of the diets did not change with any of the perilla meal inclusion. The apparent
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nitrogen metabolizability increased by 5.5 and 11.3 % (p < 0.05) within the 4 and 8 % perilla meal diets,
respectively, compared to the control (0 % perilla meal).

Table 2 Effects of perilla meal on intake, excreta amount, apparent digestibility, and metabolizability; as
well as the contents of metabolizable energy (ME) measured in Week 5 of Experiment 1 (means + SD; n
= § per diet).

Perilla meal (% of diet)

Item 0 4 8 SEM' P-value
Dry matter intake (g/week) 899°+42  986°+36 940"+ 51 67.1 0.041
Dry matter excretion (g/week) 98"+ 15 103+ 13 113*+7.0 12.01 0.044
Apparent digestibility (%)

Ether extract 87.8°+2.4 84.0°+24 80.0°+1.7 2.18 <0.001

Crude fiber 341°+£0.1 322°+0.1 294°+02 2.34 0.031
Apparent metabolizability (%)

Energy” 76.1°£1.0 693°+1.0 66.7°+1.3 5.36 0.023

Nitrogen 56.5°+2.7 62.1°+44 67.8°+£3.6 3.62 0.008
ME (MJ/kg dry matter) 134+02 133+£04 132+03 049 0.135

*¢ Means in the same row with different superscripts differ significantly (p < 0.05).
! SEM: Standard error of the mean.
% This refers to the finisher diet.

Experiment 2

All birds successfully completed the second experiment. Similar to the results found in Experiment
1, DM intake was higher (p < 0.05) with 8 % perilla meal than without perilla meal in the finishing phase
(weeks 4 - 6) of growth (Table 3).

However, unlike to the first experiment, intake did not differ between the 0 and 4 % perilla meal
inclusions, and no effects of perilla meal on DM intake in the starter phase were observed. Starting with
similar body weights, total gains and ADG were higher (p < 0.05) with 8 % perilla meal than that of the 0
and 4 % inclusions. With regards to weekly development, the ADG increased until week 5 of the
experiment and decreased to some extent in week 6, throughout each of the 3 treatments (Figure 1).
Individually (Figure 2) and across all 6 weeks (Table 3), feed conversion ratios did not differ among
treatments and varied from week to week.
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Figure 1 Effect of perilla meal supplementation on average daily gains.
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Figure 2 Effect of perilla meal supplementation on feed conversion ratio.

The dietary treatments significantly affected carcass weight and dressing percentage, which ranged
between 73 and 75 % (Table 3). Overall, the highest perilla meal level resulted in the highest carcass
weight proportions in each of the retail cuts investigated (p < 0.05), whereas the difference between birds
receiving diets with 0 and 4 % perilla meal was not significant. Similar differences were found in thigh
proportions, whereas breast meat proportions increased with any perilla meal addition at a magnitude of 2
% (p < 0.05). Tenderloin proportions were highest within the 4 % perilla meal inclusion (p < 0.05). The
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overall proportion of abdominal fat of total final BW gradually decreased, with decreases accounting for
0.30 and 0.72 % within the 4 and 8 % perilla meal inclusions, respectively.

Table 3 Effects of perilla meal on the growth performance and carcass properties measured in
Experiment 2 (means = SD).

Perilla meal (% of diet)

Item SEM! P-value
0 4 8
Growth performance®
Feed intake (kg)
Weeks 1 -3 1.15£0.06 1.13+£0.05 1.16+£0.04  0.025 0.065
Weeks 4 - 6 332°+0.06 3.32°+0.12  3.54°+0.08 0.196 <0.001
Bodyweight (BW, kg)
Initial 0.05+0.001  0.04+0.002  0.04£0.003  0.002 0.829
Final 232+£0.09 232+£095 245+0.11  0.085 0.109
Gain 228°+£0.09 228°+0.04 241°+0.09 0.072 0.043
Average daily gains (g) 448°+03  443°+10  479°+06 214 0.034
Feed conversion ratio’ 1.95+0.10 1.95+0.08 1.91 £0.05 0.243 0.436
Carcass properties’
Carcass weight 1.68°+021 1.66°+0.16 1.83'+0.14 0.581 0.032
Dressing percentage 74.7+5.5 74.8 £12.6 729+2.7 6.71 0.197
Retail cuts (% of chilled carcass)
Breasts’ 29.1°+2.8  30.9°+38  31.3*°+25  3.08 0.005
Tenderloins® 5.05°+0.6 5.48*+0.7 5.21°+0.6 0.60 0.008
Thighs 185°+1.3  18.0°+24  195°+19  1.65 0.002
Drumsticks 147+12 145+1.9 148+1.2 1.90 0.082
Sum of all four cuts 67.3°+27  689°+19  70.8°+£3.0 222 <0.001
Abdominal fat (% of BW) 277°+0.63  2.17°+0.65 2.05°+0.72  0.652 <0.001

*¢ Means in the same row with different superscripts differ significantly (p < 0.05).
' SEM: Standard error of the mean.

n =4 pens with ten birds each per diet.

Across weeks 1 - 6.

n = 40 birds per diet.

The outer part of M. pectoralis major.

The inner part of M. pectoralis major.

< RV R NI )

Discussion

Perilla meal composition

The batch of used perilla meal contained almost as much crude protein (36 to 40 %) as reported in
previous research [12]. The lipids (12 %) of the batch used, from residual oil remaining after extraction,
were a rich source of a-linoleic acid [9,12]. It would be very interesting to investigate if the a-linoleic
acid would be able to accumulate in broiler meat. We found no further reports on nutrient compositions in
studies testing perilla meal as a feed additive.
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Effects on intake, performance, digestibility, and metabolizability

Fiber has generally a low digestibility in poultry. In response to the elevated fiber contents within
the dietary treatments, birds attempt to increase intake to ensure sufficient energy supply. Previous
researchers reported an increase in intake by 3 to 9 % in turkeys along with dietary fiber content [18].
However, a large increase in fiber content enhances a quick gut fill, and the associated physical
limitations terminate further intake, even though satiety is not reached. In the present study, the increases
in fiber content (by 1.2 and 2.4 % within the 4 and 8 % perilla meal inclusions in the finisher phase)
appear to have been small enough to be compensated by an increased intake (found within the 8 %
inclusion in both experiments). These slight increases in intake with perilla meal seem to have enhanced
growth performance within the higher inclusion levels of perilla meal in experiment 2, and thus led to an
unchanged feed conversion ratio. A previous experiment with Korean native chickens [9] did not reveal
similar effects of 10 % perilla meal inclusion (likely rich in oil); however, this type of chicken has only a
small growth potential compared to that of broilers. A perilla inclusion of 10 % in pig meal feed led to a
similar decline in growth performance [12]. Higher levels (40 %) of perilla meal as a soybean substitute
also produced poor growth performances [10]. Moreover, decreasing ADG in the last week (week 5 to 6)
may be due to the effect of heat stress because, during this time, it had the highest temperature (43 °C). A
previous study reported that temperatures higher than 32 °C may induce hyperthermia and dehydration,
leading to lower feed consumption and delayed growth [19]. A decline in fiber digestibility coincided
with higher proportions of fiber, especially in the insoluble fiber of perilla meals than in the feeds
typically replaced by perilla meal. Moderate amounts of insoluble fiber have been reported to increase the
efficiency of the gizzard. Acting as a type of pacemaker, the gizzard is able to stimulate other digestive
organs and cause an increase in the secretion of gastric enzymes [20]. Therefore, the consequence of more
insoluble fiber could result in an increase in the digestibility of other dietary nutrients. This was found by
feeding broilers rice hulls, which also contain high proportions of insoluble fiber [21]. However, in the
present experiment, only the apparent metabolizability of N, and not that of energy, increased. Additional
insoluble fiber may also have negative effects, such as the interference with fat digestion by binding bile
acids [22], resulting in a decreased fat digestibility [23], an observation also made in the present study.
Similarly, the supplementation of up to 25 % high-fiber sunflower meal to broilers resulted in a decreased
fat digestibility [23]. In the present study, however, perilla meal inclusion also replaced other dietary fats,
which led to an increase in ether extract content. This suggests that there may be inherent differences in
the digestibility of different fat sources, especially when attached to the seeds’ fibrous hulls' residues,
which may also have been responsible for the observed decline in fat digestibility. Likewise, the changes
in dietary fat supply may affect fiber digestibility [22]. However, contrary to our results, the inclusion of
10 % perilla in rabbits' diet increased the apparent ether extract digestibility in the study of Peiretti et al.
[10]; however, these researchers used the full-fat seeds.

Effects on carcass quality

In an effort to increase the proportions of the retail cuts, specifically, breast meat, which is the
largest and most profitable, this experiment demonstrated the value of protein derived from the inclusion
of perilla meal compared to that of soybean meal protein. Protein levels were maintained by adjusting the
dietary protein contents to the levels recommended by Thailand’s Department of Livestock Development
[13]. The major constituent within these valuable cuts are muscles, and, therefore, the protein levels
require the limiting amino acids like lysine to be absorbed in amounts necessary to produce muscle
biomass. Accordingly, the quality of protein and its digestibility are critical for meat formation in growing
poultry [22]. Perilla seed proteins seem to have a relatively high value, yet they are still limited in lysine
[8] and digestibility [10] when compared to soybean meal, when the latter is provided with an inactivated
trypsin inhibitor. However, a high protein value of perilla meal, replacing soybean meal in an iso-
nitrogenous manner, was further confirmed in the present study by the substantial and linear increase in
apparent N metabolizability with increasing proportions. While the positive effects of perilla meal on
breast proportion of BW in Korean native chickens were not evident, there was also an enhancement of
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thigh muscle proportions [9]. A further study showed a decrease in breast yield proportions and protein
digestibility in broilers fed a diet with 20 % flaxseed compared to the control [25].

The abdominal fat proportion is also indicative of the feeding value of a diet, in which a decrease
was found in the present study with increasing perilla meal proportions. These findings in the present
study may be due to a lower dietary ME content or a metabolic situation where the ME was preferably
utilized for synthesizing body protein, which is energetically demanding. As growth performance was not
impaired, and the diet's measured dietary ME content was unaffected, the second explanation seems to be
more plausible to perilla meal. However, a third possibility arises from changes in the fatty acid profile of
the diet. Unsaturated fatty acids from sunflower oil were found to lower abdominal fat accumulation in
broilers, compared to a diet characterized by saturated fatty acids [26]. Unsaturated fatty acids are more
likely spent for metabolic and functional purposes, undergo B-oxidation, and are less likely used for depot
fat synthesis [27]. The n-6:n-3 fatty acid ratio of the present diets clearly declined with increased
additions of perilla meal. The amount of extra palm oil was not enough to increase the proportion of
saturated fatty acids in the perilla meal diets in a detrimental way. This suggests that the meat from
perilla-meal-fed broilers would have exhibited a very favorable fatty acid profile as well.

Conclusions

The present results demonstrate that perilla meal has a relatively high value as a protein source and
allows a partial replacement of soybean meal in broilers’ diets, and provides a higher carcass quality. It
could be that perilla meal might successfully replace even higher proportions of soybean meal in broiler
diets, as the 8 % perilla meal inclusion proved to be superior to the 4 % inclusion. However, other studies
have indicated that an upper limit might exist as well. The present study also gave some insight into other
nutrients present in perilla meal. There appear to be some effects in the fiber, likely originating from the
perilla seeds' hulls. Particular value was determined by the richness of n-3 fatty acids in the perilla seed
oil. However, we estimate that given more efficient oil extraction techniques, the oil remaining in the
perilla meal would largely decline; an aspect must be carefully monitored.
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