- .
Food Science of Animal Resources

()
Food Sci. Anim. Resour. 2022 January 42(1):18~33 PISSN : 2636-0772  eISSN : 2636-0780 =, .\ (.
DOI https://doi.org/10.5851/kosfa.2021.e73 http://www.kosfaj.org | updates

Fatty Acid Composition of Grain- and Grass-Fed
Beef and Their Nutritional Value and Health

Implication

Kim Margarette C. Nogoy™", Bin Sun®', Sangeun Shin?, Yeonwoo Lee?,
Xiang Zi Li2, Seong Ho Choi®*, and Sungkwon Park3"

IDepartment of Animal Science, Chungbuk National University, Cheongju 28644,

Korea
a OPEN ACCESS Engineering Research Center of North-East Cold Region Beef Cattle Science &
Received September 20, 2021 Technology Innovation, Ministry of Education, Department of Animal Science,
Revised  December 7, 2021 Yanbian University, Yanji 133002, China
Accepted December 9, 2021 3Department of Food Science and Biotechnology, Sejong University, Seoul 05006,
Korea

*Corresponding author :
Seong Ho Choi
Department of Animal Science, Chungbuk
National University, Cheongju 28644, Korea
Tel: +43-261-2545 Abstract Beef contains functional fatty acids such as conjugated linoleic acid and long-
Fax: +43-273-2240

E-mail: scongho@cbnu.ac.kr chain fatty acids. This review summarizes results from studies comparing the fatty acid

composition of beef from cattle fed either grass or grain-based feed. Since functional
Sungkwon Park

Department of Food Science and lipid components are contributed through dietary consumption of beef, the fatty acid
gsi‘(’)toeghl'z‘(’)'r‘;iy’ Sejong University, Seoul composition is reported on mg/100 g of meat basis rather than on a percentage of total fat
Tel: +82-2-3408-2906 basis. Beef from grass-fed contains lesser total fat than that from grain-fed in all breeds

Fax: +82-2-3408-4319

I . of cattle. Reduced total fat content also influences the fatty acid composition of beef. A
E-mail: sungkwonpark@sejong.ac.kr

100 g beef meat from grass-fed cattle contained 2,773 mg less total saturated fatty acids

*%tf ifargarene C. Nogoy (SFA) than that from the same amount of grain-fed. Grass-fed also showed a more
https://orcid.org/0000-0002-0958-7632 favorable SFA lipid profile containing less cholesterol-raising fatty acids (C12:0 to C16:0)
Bin Sun . . . .
https//orcid.org/0000-0003-1768-6734 but conta.med a 1esset,r amount of cholesterol-lowering C18:0 than grain-fed bee;f. In. terms
Sangeun Shin of essential fatty acids, grass-fed beef showed greater levels of trans-vaccenic acid and
https://orcid.org/0000-0002-1168-4079 long-chain n-3 polyunsaturated fatty acids (PUFA; EPA, DPA, DHA) than grain-fed beef.
¢ L . . .
htetg:j;gfcide.zrg/oooo-ooo 1-8296-4281 Grass-fed beef also contains an increased level of total n-3 PUFA which reduced the n-6
Xiang Zi Li to n-3 ratio thus can offer more health benefits than grain-fed. The findings signify that
gttps;//;mg:r,g/ 0000-0003-3061-3847 grass-fed beef could exert protective effects against a number of diseases ranging from

con, 0 01 . . . . .
httpsﬁ/orcid,org/oooo_ooo 1-8869-0218 cancer to cardiovascular disease (CVD) as evidenced by the increased functional omega-
Sungkwon Park 3 PUFA and decreased undesirable SFA. Although grain-fed beef showed lesser EPA,
htps://orcid.org/0000-0002-7684-9719 . .

psifforeid.ore DPA, and DHA, consumers should be aware that greater portions of grain-fed beef could

" These authors contributed equally to this also achieve a similar dietary intake of long-chain omega-3 fatty acids. Noteworthy,

k. . . . . .
wor grain-fed beef contained higher total monounsaturated fatty acid that have beneficial

roles in the amelioration of CVD risks than grass-fed beef. In Hanwoo beef, grain-fed
showed higher EPA and DHA than grass-fed beef.

Keywords Dbeef, fatty acids, health, grain, grass

© Korean Society for Food Science of Animal Resources. This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licences/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.5851/kosfa.2021.e73&domain=pdf&date_stamp=2022-1-1

Fatty Acid Composition of Grain or Grass Fed Beef

Introduction

The fatty acid composition of intramuscular fat (IMF) of beef has received considerable interest in light with the
association and implication of beef fats to the risk of cardiovascular disease (CVD; Briggs et al., 2017), and its positive
relationship to the sensory characteristic of the beef meat such as aroma, flavor, juiciness, and tenderness (Listrat et al.,
2020). The amount of beef IMF and the composition of the fatty acids have been reported to be impacted by the cattle breed
or genetic variation (Pitchford et al., 2002), fat deposition (Hwang and Joo, 2016), and alterations in the feeding strategy
either by grass or grain feeding (Hwang and Joo, 2017; Van Elswyk and McNeill, 2014). In South Korea, the feeding system
can be classified under grain-feeding. To produce marbled beef, the raising of the Korean native cattle (Hanwoo) is fed with
grass only in the first 6 months of age and primarily relies on concentrate or grain diet from growing to the fattening stage
(Chung et al., 2018). In the USA, Australia, New Zealand, and countries with abundant grass growing seasons, the grass-
feeding of beef cattle is recognized and practiced. The diet of the grass-feeding system is derived solely from annual and
perennial grass, legumes, Brassica, hay, haylage, silage, crop residue without grain, or pre-grain state cereal crop and is given
from birth to slaughter with the exception of providing milk prior to weaning (USDA-AMS, 2007). Whether feeding is based
on the use of grains and formulated feedlot rations (grain-feeding) or reducing or eliminating grains from the diet (grass-
feeding), these two feeding systems have resulted in changing concentrations of functional lipids, and saturated and trans
fatty acids in beef. With the increasing demands of consumers on healthier beef, it is necessary to understand the fatty acid
composition in beef that is beneficial for human health. When considering the health implications of beef fat, it is important
to consider not only the effect of the individual fatty acid but the combined effects of the related group of fatty acids. Health
claims have reported that grass-fed beef showed 62% lower fat content, 65% lower SFA, and greater concentrations of
omega-3 fatty acids and conjugated linoleic acid (CLA) compared to grain-fed beef (Ziehl et al., 2005). Grass-based diets
have also been shown to enhance the total CLA (C18:2) isomers, frans vaccenic acid (TVA, C18:1 t11), and omega-3fatty
acids on a g/g fat basis while grass-finished beef has tended to increase saturated fatty acids (SFA) such as myristic (C14:0),
palmitic (C16:0), and stearic (C18:0) fatty acids (Daley et al., 2010). Grass-feeding or grain-feeding shows influences on the
alteration of the fatty acid composition in beef. However, the recommendation to reduce red meat consumption due to its
association with human heart diseases has led to criticisms over the Hanwoo beef industry in Korea. Hence, this review aimed
to emphasize the fatty acid composition in Hanwoo beef but due to the lack of numerous publications about Hanwoo fatty
acids, some other breeds of beef cattle were included. The review summarized the fatty acid composition of beef as reported
from the limited number of studies comparing grass-fed and grain-fed, and to view the standing of Hanwoo fatty acid
composition with other beef breeds. Furthermore, since these functional lipid components are contributed through dietary
consumption of red or beef meat, the fatty acid composition will be reported on a mg/100 g of meat basis rather than on

percentage of total fat basis.

An Overview of the Feeding System in Korea, Australia, and the USA

Grain-feeding system: Calves intended for beef production in South Korea are typically fed with grass, forage, hay, and
some feed supplements until six months of age in which calves will undergo a finishing period with high concentrate to reach
the desired weight for slaughter. Hanwoo beef cattle are typically fed with a high-energy diet from 6 to 29 months. During the
growing stage (6 to 11 months) and early fattening period (12 to 20 months), cattle are fed with a concentrate that has 71%
total digestible nutrient (TDN) and 13% crude protein (CP) combined with ad libitum rice straw. This diet is slightly changed
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to 73% TDN and 11% CP combined with ad libitum rice straw as the final fattening period approaches. During the final
fattening stage (21 to 29 months), cattle are fed with a combination of 10% rice straw and 90% concentrate to maximize IMF
development (Jo et al., 2012). High TDN content in diet steadily increased marbling scored at 28 and 30 months of age and it
was reported that the most suitable feeding period for Hanwoo is until 29 months (Chung et al., 2015) to avoid an increase of
inedible fat that could negatively influence beef grade and yield. In the USA, breeds of beef cattle are mostly Angus and
Hereford and are typically fed with grain diets. As reported, young steers and heifers in the beef industry of the USA are fed
with grain diets on average for 5 months and slaughtered at 15 to 28 months to produce marbled beef (Drouillard, 2018).
Backgrounding or stocker calves are mostly grown using forage-based diets and are transferred to feedlots (grain-feeding)
when they reach a year or more of age and are fattened on high-concentrate diets in later years of their lives before marketing
or slaughtering. Grain-feeding in Australian beef cattle has assumed more importance just recently to resolve the decline in
the quality of pasture and forage due to the varying climate of Australia, and also to measure up with the increasing demand
for marbled beef within Australia and the exports in Korea and Japan (Greenwood et al., 2018). Feedlot diets or grain-feeding
in Australia are formulated using wheat, barley, and sorghum grains to provide high energy to beef cattle.

Grass-feeding: Grass-feeding system in South Korea and Australia is not as well-established as the grass-feeding system in the
USA. Beef cattle fed with grass in the USA should strictly follow the rule defined by the USDA Agricultural Marketing Service
that animals cannot be fed grain or grain byproducts and must have continuous access to pasture during the growing season
(USDA-AMS, 2009). In Australia, beef production were cow-calf systems based on pasture and rangeland, backgrounding or

grow-out period on pasture, and finishing on pasture or forage (Greenwood et al., 2018).

Saturated Fatty Acid Composition of Grass-Fed and Grain-Fed Beef

SFA are made up of a carbon chain with no double bonds, and high consumption of this fatty acid has long been associated
with CVD risks. According to Nurse’s Health Study (NHS) and Health Professionals Follow-Up Study (HPFS), consumption
of long-chain SFA from C12:0 (lauric acid) to C18:0 (stearic acid) increased coronary heart disease (CHD) risks (Hu et al.,
1999; Zong et al., 2016). Lauric acid (C12:0) has the greatest raising effect on high-density lipoprotein (HDL) cholesterol,
consequently decreasing the total cholesterol: HDL ratio (Mensink et al., 2003; Micha and Mozaffarian, 2010). Myristic
(C14:0) and palmitic (C16:0) acids comparably influence the low-density lipoprotein (LDL) and LDL, and both have a small
influence on the total cholesterol: HDL ratio (Micha and Mozaffarian, 2010). Stearic acid (C18:0) showed neutral impact
(Williamson et al., 2005; Yu et al., 1995) to little lowering-effect on the plasma LDL cholesterol and did not show an effect on
HDL cholesterol (Hunter et al., 2010; Mensink, 2005). Due to desaturation of stearic acid (C18:0) in part to oleic acid (C18:1
n-9) during metabolism (Sampath and Ntambi, 2005), stearic acid (C18:0) is the only SFA that does not appear to adversely
increase CVD risks.

Studies on the influence of grass-feeding and grain-feeding on the fatty acid composition of beef cattle normally report
comparable total SFAs between the two feeding strategies when presented on a percentage of total fatty acid. However,
finishing or feeding beef cattle in the grass instead of concentrates typically results in leaner carcasses or beef with lower fat
content (Duckett et al., 2007, Duckett et al., 2009a; Garcia et al., 2008; Leheska et al., 2008; Neel et al., 2007; Nuernberg et
al., 2005) as also shown in Table 1 where grass-fed beef showed lower overall fat content. The percentage of total fatty acids
does not necessarily translate to human dietary intake of fatty acids due to the difference in the total fat content of grass-fed

and grain-fed beef. The eight collected studies on the influence of grass-feeding and grain-feeding on the fatty acid
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Table 1. Comparison of mean saturated fatty acid composition expressed as mg/100 g of meat between grass-fed and grain-fed beef

Saturated fatty acid (mg/100 g meat)

Author Feeding Beef cut/muscle
.. Breed . Fat content
(publication year)  system location C120 Cl40 Cl6:0 CI8:0 (C20:0 Total SFA
Najar-Villarreal ~ Grass-fed NR Ground beef 15.7 11.5 4573 3,7463 1,784.7° 372.5"  6,322.0
et al. (2019) (% crude fat)
Grain-fed Angus Ground beef 19.8 16.3 623.9"  4,771.8 2,562.7° 551.4" 8431.8"
(% crude fat)
Hwang and Joo ~ Grass-fed Hanwoo Sirloin 5.94 3.8 142.6" 1,593.77  724.7" 7.6°  2,569.8"
(2017) (% crude fat)
Grain-fed Hanwoo Sirloin 25.39 14.0" 5652  6,098.0" 2,0885" 256" 92238
% crude fat
( )
Grass-fed  Australian Sirloin 5.15 3.3" 126.0"  1,442.1°  742.0" 8.0" 2,4153"
beef (% crude fat)
Grain-fed ~ American Sirloin 10.22 4.7 239.7°  2,579.17 1,339.6" 11.2° 473325"
beef (% crude fat)
Turner et al. Grass-fed NR Ribeye 38.26 NR 86.9 911.2" 602.8 NR 1,671.7
(2015) (mg/g muscle)
Grain-fed NR Ribeye 84.90 NR 213.1 2,107.5°  1,228.7 NR 3,701.8
(mg/g muscle)
Duckett et al. Grass-fed Angus Ribeye, strip 2.6 NR 57.9 606.1 401.5 NR 1,064.6
(2013) (% total fat)
Grain-fed Angus Ribeye, strip 6.7 NR 171.9 1,657.5 812.9 NR 2,642.9
(% total fat)
Aldai et al. Grass-fed Asturian Ribeye/ NR 0.014 0.60 15.82 15.85 0.11 197.2
(2011) valley cattle L. thoracis (%) (%) (%) (%) (%)
Grain-fed Asturian Ribeye/ NR 0.024 1.36 20.97 15.31 0.09 447.6"
valley cattle L. thoracis (%) (%) (%) (%) (%)
Alfaia et al. Grass-fed  Alentejano Sirloin/ 9.76 0.4" 1.1 164.7° 133.77 227 346.5
(2009) purebred L. lumborum  (mg/g muscle)
Grain-fed  Alentejano Sirloin/ 13.03 0.7" 22.0" 248.1" 2093 23" 468.7
purebred L. lumborum (mg/g muscle)
Ponnampalam Grass-fed Angus Sirloin/ 2.12 NR 56.9" 508.0 272.8 NR 900.0"
et al. (2006) L. lumborum (% of muscle)
Grain-fed Angus Sirloin/ 3.61 NR 103.7° 899.0 463.3 NR 1,568.0"
L. lumborum (% of muscle)
Realini et al. Grass-fed  Hereford Ground beef 11.43a NR 304.7°  2,498.1 12,0353 NR 5,037.1"
(2004) (% total fat)
Grain-fed Angus- Ground beef 24.57b NR 724.7° 5,448.7 3,2949° NR 9,891.4"
Hereford (% total fat)

Between grass-fed and grain-fed beef studies followed by asterisk (*) indicates significant difference (at least p<0.05); NR, not reported; C12:0,
lauric acid; C14:0, myristic acid; C16:0, palmitic acid; C18:0, stearic acid; C20:0, arachidic acid; SFA, saturated fatty acid.

composition of beef cattle have consistently reported a decrease in the total SFAs in response to grass-feeding. Because of the
lower total fat content in grass-fed beef, consumption of 100 g beef provides 1.58 to 4.85 g less total SFAs than consuming
100 g grain-fed beef (in various cattle breeds except for Hanwoo). In terms of the Korean native cattle, Hanwoo, 100 g grass-
fed beef contained 6.65 g less total SFAs than grain-fed beef. Regardless of beef cuts and cattle breed, total SFAs are found
abundantly in grain-fed beef (2,773 mg/100 g meat higher). Individual SFAs that are considered detrimental to serum
cholesterol levels and pose higher risks of CVD such as lauric (C12:0), myristic (C14:0), and palmitic (C16:0) acids have

also been consistently reported elevated in grain-fed beef. Stearic acid (C18:0), on the other hand, has been reported to be
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greater in grass-fed beef than in grain-fed beef (Daley et al., 2010; Van Elswyk and McNeill, 2014). In the current review,
studies collected have consistently reported a lesser amount of stearic acid along with the other individual SFAs (C12:0,
C14:0, C16:0, C20:0) as computed in mg per 100 gin grass-fed beef (Table 1). The difference in the reported results might be
due to the unit used in the presentation of the fatty acid composition. Despite the lower stearic acid, it would appear that
grass-feed beef posed a more favorable SFA composition as shown by the lower contents of cholesterol-raising fatty acids

(C12:0 to C16:0) than grain-fed beef.

Monounsaturated Fatty Acid Composition of Grass-Fed and Grain-Fed Beef

Monounsaturated fatty acids (MUFA) are fatty acids containing one double bond. Common dietary MUFA are myristoleic
(Cl14:1n-5), palmitoleic (C16:1n-7), and oleic (C18:1n-9) acids in which oleic acid represents approximately 90% of MUFAs
in the diet (Kris-Etherton, 1999). Epidemiological studies on the association of MUFA and CVD have shown mixed results.
Meta-analyses found no significant association between MUFA and CHD (Chowdhury et al., 2014; Skeaff and Miller, 2009)
but a systematic review showed a strong association between dietary intake of MUFA and lower CHD risks (Mente et al.,
2009). Despite this, several mechanisms were reported showing the beneficial role of MUFA in ameliorating CVD risk
factors which includes the inactivation of sterol regulatory element-binding protein (SREBP, a transcription factor that
regulates cholesterol synthesis), an increase of hepatic LDL receptor expression by stimulating Acyl-CoA: cholesterol
acyltransferase, and the increased production of acylcarnitines to shift in fat catabolism (Hammad et al., 2016; Kien et al.,
2014). MUFA also showed a greater fat oxidation rate compared to SFA (Krishnan and Cooper, 2014), and replacement of
SFA with MUFA showed a reduction of total cholesterol, LDL, and HDL cholesterol, and triglycerides (Mensink and World
Health Organization, 2016).

As expected, eight out of the eight studies collected in this review showed an elevated concentration of the total MUFA in
grain-fed beef (Table 2). Grain feeding decreases ruminal pH that causes reductions in the population of bacteria responsible
for rumen biohydrogenation of unsaturated fatty acids to SFAs (Fukuda et al., 2006; John Wallace et al., 2006), hence
contributing to the increase MUFA in beef. The reduction in the total MUFA of grass-fed beef ranged from 0.2 g to 6.2 g per
100 g less than the grain-fed beef in various breeds and as much as 10.6 g per 100 g beef less MUFA in grass-fed Hanwoo
than grain-fed one. Regardless of the breeds, the decreased total MUFA in grass-fed beef could be due to the depression of the
expression of sterol carnitine desaturase (SCD) (Chung et al., 2007; Duckett et al., 2009b; Hilmia et al., 2017) decreasing the
desaturation of SFA to their respective MUFA. Concomitantly, all individual MUFAs such as myristoleic (C14:1), palmitoleic
(C16:1), and oleic (C18:1) acids were elevated in grain-fed beef except TVA (C18:1 t-11) as shown in Table 2. It is worthy to
take note, that three out of five studies that reported TVA concentration showed an increased TVA as influenced by grass-
feeding. Desaturation of TVA synthesizes the CLA (C18:2 ¢-9, t-11), which has drawn significant attention for its various
beneficial health effects such as reduction of body fat, reduction of risk factors to CVD and cancer, and modulation of the

immune and inflammatory responses (Dilzer and Park, 2012).

Polyunsaturated Fatty Acid Composition of Grass-Fed and Grain-Fed Beef

Polyunsaturated fatty acids (PUFA) are hydrocarbon chains containing two or more double bonds and can be characterized
as either n-3 PUFA or n-6 PUFA referring to the position of the first double bond relative to the methyl end of the fatty acid.
Of particular interest in the n-6 PUFA are the CLA (C18:2) and arachidonic acid (C20:4, AA), while in the n-3 PUFA are the
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Table 2. Comparison of mean monounsaturated fatty acid composition expressed as mg/100 g of meat between grass-fed and grain-

fed beef
Auifiar Feeding o — Monounsaturated fatty acid (mg/100 g meat)
blicati " Breed locati Fat content
(rislieionyead) — oysism O Cl41  Cl6:1  CI8:1tll Cl8:1n9 Total MUFA
Najar-Villarreal ~ Grass-fed NR Ground beef 15.7 165.4" 671.6" 162.5 6,073.2" 7,436.5"
et al. (2019) (% crude fat)
Grain-fed Angus Ground beef 19.8 177.7° 892.3" 195.9 7,338.1" 8,888.8"
(% crude fat)
Hwang and Joo Grass-fed Hanwoo Sirloin 5.94 24.5" 188.8" NR 2,380.5" 2,669.9"
(2017) (% crude fat)
Grain-fed Hanwoo Sirloin 25.39 139.5" 1,023.3" NR 11,772.8" 13,282.2°
(% crude fat)
Grass-fed  Australian Sirloin 5.15 20.3" 167.0" NR 1,891.2° 2,136.0"
beef (% crude fat)
Grain-fed ~ American Sirloin 10.22 46.8" 413.8" NR 4,133.1" 4,712.6"
beef (% crude fat)
Turner et al. Grass-fed NR Ribeye 38.26 16.8 93.9 67.6" 1,153.0" 1,474.4*
(2015) (mg/g muscle)
Grain-fed NR Ribeye 84.90 40.4 232.5 74.7" 2,838.5" 3,599.9
(mg/g muscle)
Duckett et al. Grass-fed Angus Ribeye, strip 2.6 10.0 63.8 83.1 785.5 1,064.6
(2013) (% total fat)
Grain-fed Angus Ribeye, strip 6.7 41.7 226.7 9.3 2,591.2 2,859.6
(% total fat)
Aldai et al. Grass-fed Asturian Ribeye/ NR 0.063 0.804 241 18.85
2011 valley cattle L. thoracis %) %)" % % 1564
(2011) y (%) (%) (%) (%)
Grain-fed Asturian Ribeye/ NR 1.171 1.546 1.841 23.17
valley cattle L. thoracis (%) (%) (%) (%) 355.9
Alfaia et al. Grass-fed  Alentejano Sirloin/ 9.76 0.9" 10.5" 12.1 183.2" 220.7"
(2009) purebred L. lumborum  (mg/g muscle)
Grain-fed  Alentejano Sirloin/ 13.03 3.1° 26.5" 11.0 341.8" 417.6
purebred L. lumborum  (mg/g muscle)
Ponnampalam Grass-fed Angus Sirloin/ 2.12 NR NR NR 836.0 930.0
et al. (2006) L. lumborum (% of muscle)
Grain-fed Angus Sirloin/ 3.61 NR NR NR 1,582.0 1,729.0
L. lumborum (% of muscle)
Realini et al. Grass-fed Hereford Ground beef 11.43a 45.0" 246.0" NR 3,707.4" 3,998.4"
(2004) (% total fat)
Grain-fed Angus- Ground beef 24.57b 189.1" 695.4" NR 9,358.0" 10,242.5"
Hereford (% total fat)

Between grass-fed and grain-fed beef studies followed by asterisk (*) indicates significant difference (at least p<0.05); NR, not reported; C14:1,
myristoleic acid; C16:1, palmitoleic acid; C18:1 t11, trans vaccenic acid; C18:1 n-9, oleic acid; MUFA, monounsaturated fatty acid

linolenic (C18:3), eicosapentanoic (C20:5, EPA), docosapentanoic (C22:5, DPA), and docosahexanoic (C22:6, DHA) acids.
The PUFA in beef particularly in the IMF ranged from 4% to 5% of the total fatty acids (Scollan, 2003; Scollan et al., 2006).
In this review (excluding the 2004 and 2006 studies), the total estimated PUFA concentration in grass-fed beefis 151 mg/100 g
meat which is lower than in the total PUFA content of grain-fed beef due to its lower total fat content as influenced by grass-
feeding. As presented in Table 3, the primary fatty acid among the individual PUFA in grass-fed and grain-fed beef is the n-6

fatty acid linoleic acid (LA), one of the two essential fatty acids in human nutrition. Seven out of the eight studies collected in
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Table 3. Comparison of mean unsaturated fatty acid composition expressed as mg/100 g of meat between grass-fed and grain-fed beef

Author Feeding Beef cut/ Fat Polyunsaturated fatty acid (mg/100 g meat)
GmTerion = muscle content  C18:2 C18:3 C20:4 C20:5 C22:5 C22:6 Total Total Total n-6/n-3
year) location n6 1n3 n6 n3 n3 n3 PUFA n6 n-3 ratio
Najar- Grass- NR Ground 15.7 3725 403 503" 5.8" 17.3°  1.77 6213 451.6" 662" 1,127.5
Villarreal fed beef (%
et al. (2019) crude fat)
Grain- Angus Ground 19.8 551.4° 38.1 435" 1.8 1277 9.1 8143 623.9" 58.0° 1,976.9
fed beef (%
crude fat)
Hwang and Grass-  Hanwoo Sirloin 5.94 105.0° 52.8° 92 65" NR 44" 201.3" 134.9" 66.4° 1105
Joo (2017) fed (%
crude fat)
Grain-  Hanwoo Sirloin 25.39 523.3" 39.5" 48.8 11.6° NR 7.0" 748.9" 686.1" 62.8" 2,542.0
fed (%
crude fat)
Grass-  Australian Sirloin 5.15 79.7° 429" 104 33" NR 3.8" 166.1" 113.7° 524" 102.4
fed beef (%
crude fat)
Grain-  American Sirloin 10.22 194.7° 44.0" 20.6 1.9 NR 47" 316.4" 264.0" 524" 4718
fed beef (%
crude fat)
Turner et al. Grass- NR Ribeye 38.26 113.9 375" 37.5° 11.6° 238" 2.1 243.9" 168.6 75.3" 86.2"
(2015) fed (mg/g
muscle)
Grain- NR Ribeye 84.90 203.8 19.4" 49.0" 4.7 15.6° 1.6° 324.3" 283.1 412" 695.2°
fed (mg/g
muscle)
Duckett etal.  Grass- Angus Ribeye, 2.6 612 281 20.7 129 200 20.7 147.7 819 63.1 31.0
(2013) fed strip (%
total fat)
Grain- Angus Ribeye, 6.7(% 1663 149 324 5.6 13.1 1.9 236.7 198.1 349 3744
fed strip total fat)
Aldai et al. Grass-  Asturian Ribeye/ NR 146 3.5 32 1.0 1.3 0.1 130.5 99.2 31.2° 3.3
(2011) fed valley cattle L. thoracis %) () (%) (%) (%) (%)
Grain-  Asturian Ribeye/ NR 11.3 1.3 23 0.7 0.9 0.1 158.1 130.6 27.5 4.9
fed valley cattle L. thoracis %) ()" (%) (%) (%) (%)
Alfaia et al. Grass-  Alentejano Sirloin/ 9.76 1122 494" 361" 19.0" 22.9° 1.8" 259.2" 160.7" 93.1" 15.8"
(2009) fed purebred L. lumborum (mg/g
muscle)
Grain-  Alentejano Sirloin/ 13.03 142.6 5.7" 454" 5.6° 109" 13" 227.5" 203.9" 23.5° 107.3"
fed purebred L. lumborum (mg/g
muscle)
Ponnampalam  Grass- Angus Sirloin/ 2.12 108.8" 324" NR 245" 365" 42 NR 191.6" 97.6° 2.0
et al. (2006) fed L. lumborum (%
of muscle)
Grain- Angus Sirloin/ 3.61 167.4° 149" NR 13.1" 31.6" 3.7 NR 253.8" 63.3" 3.6
fed L. lumborum (%
of muscle)
Realini etal.  Grass-  Hereford Ground 11.43a  1853" 649" 84" NR NR NR 44" NR NR NR
(2004) fed beef (%
total fat)
Grain- Angus- Ground 24.57b 3353" 40.5" 248" NR NR NR 2.6 NR NR NR
fed Hereford beef (%
total fat)

Between grass-fed and grain-fed beef studies followed by asterisk (*) indicates significant difference (at least p<0.05); NR, not reported; C18:2n-6,
linoleic acid; C18:3n-3, linolenic acid; C20:4n-6, arachidonic acid; C20:5n-3, eicosapentanoic acid; C22:5n-3, docosapentanoic acid; C22:6n-3,
docosahexanoic acid; n-6, omega-6 fatty acids; n-3, omega-3 fatty acids; PUFA, polyunsaturated fatty acids.
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this review reported that grain-fed beef contained higher LA (285 mg/100 g meat) than grass-fed beef (142 mg/100 g meat).
The total n-6 PUFA concentration in grain-fed beef was also found 155 mg/100 g meat higher than grass-fed beef. High n-6
PUFA promotes the production of eicosanoids such as prostaglandins, thromboxane, leukotrienes generated from the
arachidonic acid (AA) at the expense of EPA (Simopoulos, 1991), and the increase of these eicosanoids could result in
allergic and inflammatory responses (Simopoulos, 2008). These potentially harmful effects of n-6 PUFA on human health
remains unsettled (Calder et al., 2010). The a-linolenic acid (ALA), an n-3 PUFA and also one of the two essential fatty acids,
was found 16.40 mg per 100 g higher in grass-fed beef compared to grain-fed beef. In Hanwoo beef, grain-fed contained 418
mg per 100 g higher LA than in grass-fed, while ALA was 13 mg per 100 g lower in grain-fed than in grass-fed beef. Other n-
3 PUFA such as EPA, DPA, and DHA were found higher in grass-fed in various breeds and beef cuts. Consequentially, total
n-3 PUFA concentration was found elevated in grass-feeding. It has been reported that low intake of n-3 PUFA contributes to
the risk factors for disease and disability identified according to The Global Burden of Disease Study (Lim et al., 2012).
Globally, the recommended dietary intake of n-3 PUFA is at least 250 mg EPA+DHA per day (European Food Safety
Authority, 2010; U.S. Department of Agriculture and U.S. Department of Health and Human Services, 2010). In this review,
the EPA concentration in grass-fed beef is estimated on average of 11.94 mg and 6.33 mg per 100 g meat on grain-fed beef
(Table 4). The concentration of DHA, on the other hand, is at 5.53 mg and 4.19 mg per 100 g meat in grass-fed and grain-fed
beef, respectively (Table 4). The most common and abundant n-3 PUFA in beef is DPA averaging 24.10 mg/100 g grass-fed
beef and 16.76 mg/100 g grain-fed beef (Table 4). Although reports on the beneficial health effect of DPA are scarce and
limited, DPA is readily converted to EPA and DHA (Miller et al., 2013). The long-chain n-3 fatty acids are higher in grass-fed
beef than grain-fed beef but in Hanwoo beef, grain-fed showed 5.1 mg/100 g meat higher EPA and 2.6 mg/100 g meat DHA
compared to grass-fed beef (Table 3). Only traces of n-3 PUFA concentrations are synthesized in beef due to the rumen
biohydrogenation of PUFA. Microbes use rumen biohydrogenation as a coping mechanism to continue normal rumen
function, where the PUFA present in the dietary lipids are converted to less toxic fatty acids (Jenkins et al., 2008; Scollan et
al., 2006). The significance of the PUFA on human health and nutrition is clearly shown by the individual concentration of
the n-6 and n-3 fatty acids, but the interference of the two with the metabolism of the other could reduce the deposition of the
specific n-6 and n-3 PUFA in the tissue lipids and thus, may alter the overall biological effects (Ruxton et al., 2004). Hence, it
is important to describe the PUFA composition through one of the two important nutritional indices, the ratio of the n-6 to n-3
PUFA which is usually expressed as the ratio of the two essential fatty acids LA and ALA or could be expressed as the ratio
of the total n-6 to total n-3 (Scollan, 2003). Studies collected for this review consistently reported an increased concentration
of n-3 PUFA in grass-fed beef compared to grain-fed beef showing that grass-feeding contained a more favorable n-6 to n-3
ratio. As evidenced, grass-fed beef contained lower n-6 to n-3 ratio compared to grain-fed beef. Studies have previously
reported that cattle primarily fed with grass significantly elevated n-3 content in beef and produced desirable ratio of n-6 to n-
3 (Duckett et al., 1993; French et al., 2000; Wood and Enser, 1997; Yehuda et al., 1996). The low ratio of n-6 to n-3 PUFA
promotes suppressive effects from CVD and arthritis to cancer (Simopoulos, 2006) and ameliorate atherogenesis (Lawrence,

2013).

Regulation of Fatty Acid Composition according to Grass- and Grain-Feeding System

Modifying the amount of fat in beef and the composition of the fatty acid can be primarily affected by the feeding strategy

and diet of beef cattle. Grain-feeding of beef cattle leads to fatter carcasses and greater deposition of IMF into meat tissue.
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Table 4. Summary and a simple average and SD of the observations of the fatty acids expressed as mg/100 g of meat found in grass-fed
and grain-fed beef regardless of the muscle location and cattle breed

Grass-fed beef Grain-fed beef
Fatty Acids
Observations Average SD Observations Average SD

C12:0 3 6.20 4.60 3 11.67 6.14
C14:0 8 139.04 149.38 8 333.03 264.66
C16:0 8 1,275.36 1,211.35 8 2,976.21 2,187.36
C18:0 8 745.06 709.25 8 1,499.99 1,069.67
C20:0 4 97.58 183.30 4 147.63 269.35
Total SFA 8 2,259.44 2,141.55 8 5,032.61 3,655.39
Cl4:1 7 40.41 56.78 7 91.19 75.46
Clé6:1 7 205.94 220.31 7 501.50 375.01
C18:1tl1 4 85.90 74.96 4 72.07 107.25
C18:1n-9 7 2,310.57 1,941.40 7 5,481.93 4,115.59
Total MUFA 7 2,714.36 2,406.98 7 6,286.17 4,605.15
C18:2n-6 8 142.33 99.69 8 285.60 166.14
C18:3 n-3 8 43.54 11.87 8 27.13 14.90
C20:4 n-6 7 24.66 16.71 7 37.79 11.77
C20:5n-3 7 11.94 7.64 7 6.33 4.42
C22:5n-3 7 24.10 7.39 7 16.78 8.45
C22:6 n-3 7 5.53 6.79 7 4.19 297
Total PUFA 6 252.86 169.35 6 403.74 264.87
Total n-6 8 175.28 117.60 8 330.44 206.54
Total n-3 8 68.16 21.34 8 45.45 15.85
n-6/n-3 ratio 8 184.84 383.46 8 772.01 960.62

C12:0, lauric acid; C14:0, myristic acid; C16:0, palmitic acid; C18:0, stearic acid; C20:0, arachidic acid; SFA, saturated fatty acid; C14:1,
myristoleic acid; C16:1, palmitoleic acid; C18:1 t11, trans vaccenic acid; C18:1 n-9, oleic acid; MUFA, monounsaturated fatty acid; C18:2n-6,
linoleic acid; C18:3n-3, linolenic acid; C20:4n-6, arachidonic acid; C20:5n-3, eicosapentanoic acid; C22:5n-3, docosapentanoic acid; C22:6n-3,
docosahexanoic acid; n-6, omega-6 fatty acids; n-3, omega-3 fatty acids; PUFA, polyunsaturated fatty acids.

Grass-feeding of beef cattle, on the other hand, leads to leaner carcasses and lower deposition of IMF into meat tissue. Some
of the mechanisms on how grass-feeding and grain feeding were reported. Grain-feeding may contribute to an increase in
MUFA in response to alteration in the ruminal environment. Grain-feeding lowers the rumen pH sufficient enough to decrease
protozoal populations that have high levels of TVA and palmitic acid (Devillard et al., 2006; Or-Rashid et al., 2007). Grain-
feeding also depresses the isomerization of LA to cis-9, trans-11 CLA, and hydrogenation of cis-9, trans-11 CLA to TVA, and
to stearic acid, which is reflected in tissue fatty acid composition (Chung et al., 2007). Meanwhile, grass-feeding could
increase the duodenal flow of stearic and o-linolenic acids, and decrease the duodenal flow of oleic and LAs (Kucuk et al.,
2001). Grass-feeding may also depress SCD activity by increased absorption of the a-linolenic acid (Waters et al., 2009).
Efforts to alter and establish the fatty acid profile of beef that would be beneficial to human health have been made but, the
complexity of the fatty acid in beef fat stems from the rumen biohydrogenation of the dietary lipids of the beef cattle.

Continued research is necessary to successfully establish the feeding strategy that would practically reach the required levels
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of fatty acids beneficial to human health. In South Korea, the current grain-feeding system proved to increase intramuscular
lipid and MUFAs in the adipose tissue of the beef cattle. Due to increasing demands of consumers for beef with healthy beef
in regards with fatty acids, beef producers may opt to consider grass-feeding system which tends to produce lower fat content
for consumers preferring to reduce overall fat consumption. This move, however, could sacrifice the marbling competitiveness
of Hanwoo. Hence, beef producers and animal scientists should emphasize to beef consumers in South Korea the awareness
that greater portions of grain-fed beef could also achieve similar dietary intake of long-chain omega-3 fatty acids. It also
worthy to be noted that grain-fed Hanwoo was reported to contained higher EPA (11.6 mg/100 g meat) and DHA (7.6 mg/100
g meat) than grass-fed (Table 3) although more studies should be conducted to establish this finding.

On-going Debate on Grass-Fed and Grain-Fed Beef

Attention had been geared towards the feeding system of beef cattle with the uprising concern on animal health and well-
being, environmental impact of livestock production, and health-related concerns of beef fat consumption (Table 5). Aside
from the nutrition and health standpoint of grass-fed beef, discussion on shifting to grass-fed beef or grain-fed beef has also
covered the environmental impact, the welfare of the animal, and the price and sensory quality of the beef. Cattle are
naturally designed to consume a diet that is based on grass that is not edible to humans but to secure the increasing need for
meat protein of humans, cattle are finished on grain-based diets. Grass-fed cattle eat from pasture and grassland and should
not be finished on grains and supplements (USDA-AMS, 2009), while grain-fed cattle eats on pasture for the first 6 months
and finishes at feedlots that are sometimes supplemented with growth hormones and antibiotics (Chung et al., 2018). Due to

the lesser efficiency of feed conversion ratios of grass, grass-fed cattle reach the market weight slower than cattle fed on

Table 5. Major differences between grass-fed and grain-fed beef

Feeding method or
production system

Grass-fed beef

Cattle eat from pasture and are not finished on
grains and supplements (USDA-AMS, 2009)

Grain-fed beef

Cattle graze on pasture for the first 6 months to a year
and finishes at a feedlot of a concentrated mix of corn,
soy, grains, and other supplements like hormones and
antibiotics (Chung et al., 2018; Drouillard, 2018;
MFAFF, 2007)

Growth period

Reach the market weight slower than cattle fed on
grain due to lesser efficiency of feed conversion
ratios of grass (Pethick et al., 2001)

Grows to target slaughter weight a year faster than
grass-fed beef cattle (Chung et al., 2018; Drouillard,
2018; MFAFF, 2007)

Environment impact

Grass-feeding could increase nitrogen oxidation
from manure and leguminous forages (Hayek and
Garrett, 2018)

Requires significantly less land and produces less
methane per unit of meat produced (Nijdam et al.,
2012; Poore and Nemecek, 2018)

Animal welfare

Beef cattle are primarily provided with grass and
forages that are not supplemented with growth
hormones and are raised in their natural environment
(USDA-AMS, 2009)

Require the use of frequent antibiotic and growth
hormone, located in areas that are prone to heat
exhaustion, do not allow the beef cattle to perform
natural activities such as grazing or pasturing in
rangeland or open pasture (Grandin, 2016)

Price

Prices for grass-fed beef are 47% greater by weight
than conventional beef or cattle finished on grain
diets (Hayek and Garrett, 2018)

Less expensive than grass-fed beef due to larger scale
of production (Hayek and Garrett, 2018)

Sensory

Steaks from grass-fed cattle are less tender (Sitz et
al., 2005); lack beef flavor, and presents off-flavor
than grain-fed beef (Duckett et al., 2013)

Similar juiciness between grass-fed and grain-fed beef
(Duckett et al., 2013)
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grains (Pethick et al., 2001). Aside from the higher feed efficiency of grain, cattle fed in grain grow to target market weight
faster than grass-fed due to the use of growth hormones and the lesser locomotion activities. The cattle in the grain-feeding
system are normally contained in areas where they are limited to move and are sometimes prone to heat exhaustion (Grandin,
2016), which sacrifices the welfare and the well-being of the animals. While grass-feeding permits the beef cattle to conduct
their activities naturally, there are environmental impacts that are contributed negatively. Grass-feeding could increase the
nitrogen oxidation from manure and leguminous forages (Hayek and Garrett, 2018), and increase methane conversion rates
due to their slower growth rates. Grain-feeding system requires significantly lesser land and produces lesser methane per unit
of meat (Nijdam et al., 2012; Poore and Nemecek, 2018). The environmental impact of grass-feeding also remains debatable
as grain-feeding has been shown to leave a lower carbon footprint than grass-feeding (Capper, 2012). In terms of price, grass-
fed beef is more expensive because of its smaller production. Compared to grain-fed beef, prices for grass-feed beef are 47%
greater by weight (Hayek and Garrett, 2018). In grass-fed beef producers, shortage of processors, limited clear marketing
system, pasture management problems, and the longer period of time needed to raise the cattle are some of the important
challenges. Finally, the sensory of grass-fed and grain-fed beef is under continuous arguments. Grain-fed beef consumers
maintain the argument on the marbling and overall sensory and palatability satisfaction of the cattle fed with grain. Studies
have reported that steaks from grass-feeding have less tender meat (Sitz et al., 2005), lack the flavor of beef, present an off-
flavor, and have significantly increased yellowness of external fat than cattle fed in grains (Duckett et al., 2013). The
comparison of grass-fed and grain-fed beef largely varies depending on the needs of consumers and the objectives of the beef

producers.

Conclusion

The results of this review revealed that beef cattle fed on a grass-feeding diet contained less total fat than the beef from the
cattle fed on grain-feeding. The reduction of the total fat content had notably influenced the fatty acid composition of beef for
human consumption. A 100 g beef meat from grass-fed cattle contained 2,773 mg less total SFA than from the same 100 g
beef meat from grain-fed beef. Grass-fed beef also showed a more favorable SFA lipid profile containing less cholesterol-
raising fatty acids (C12:0 to C16:0) but also contained a lesser amount of cholesterol-lowering C18:0 fatty acid in comparison
to grain-fed beef. In terms of fatty acids that are essential to human health, grass-fed beef showed higher TVA, total omega-3,
and long-chain n-3 PUFA than grain-fed beef. Increased long-chain n-3 PUFA in grass-fed beef are EPA, DPA, and DHA. In
Hanwoo, grain-fed showed higher EPA and DHA than grass-fed beef. The increased n-3 PUFA in grass-fed beef also reduced
the n-6 to n-3 ratio as compared to grain-fed beef. The net effect of grass-feeding increased the n-3 PUFA but decreased
MUFA due to the decreased total fat content. Grass-fed beef increased functional lipid components (omega-3 PUFA) while
decreasing undesirable SFA in comparison to grain-fed beef, and thus could exert protective effects against several diseases
ranging from cancer to CVD. Although grain-fed beef showed decreased long-chain n-3 PUFA, consumers should be aware
that greater portions of grain-fed beef could also achieve a similar dietary intake of long-chain omega-3 FAs. Noteworthy,

grain-fed beef contained higher total MUFA that have beneficial roles in ameliorating CVD risks than grass-fed beef.
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