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Meat quality and carbon footprint of sous vide cooked beef at different

temperatures and times
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ABSTRACT: Sous vide is the cooking method at precisely controlled temperatures in vacuumed
plastic pouches. Accurate heating offers more doneness and texture options than traditional cooking
methods. This research examined the physicochemical characteristics, carbon footprint and cost of
beef longissimus dorsi sous vide cooked at different temperatures (55, 59, and 70 °C) and times (1,
6, 12, 24 and 48 h). Results showed that cooking temperatures and times were significantly interacted
in cooking loss (CL), work of shear/ toughness, springiness, cohesiveness, gumminess, chewiness,
carbon footprint, and cost. Higher temperatures increased cooking loss, AE, firmness, hardness,
springiness, gumminess, chewiness, carbon footprint, and cost; but, reduced L*. Prolonged cooking
times affected on CL, L*, a*, b*, h*, browning index, and texture profiles, carbon footprint, and cost.
Cooking at 59 °C for less than 6 can be reduced carbon footprint and total cost.
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Introduction

Sous vide or “under vacuum”
defines a cooking technique of food at
precisely controlled temperatures avoiding
over- or undercooking in food-grade plastic
sealed vacuum pouches. It is well-known
that this cooking has several benefits:
keeping palatability, holding nutrients, and
eliminating the microbial risk (Baldwin,
2012). The long cooking times has been
used since earliest times to make tough
meat cuts more appetizing. In fact, by
melting collagen into gelatin, this cooking
can twice increase tenderness of the meat
and reducing among myofibrillar intercross
linkages (Davey et al., 1976). At lower
temperatures, when cooked between 55—
60°C for several hours to numerous days,
tough cutting of beef (Bouton and Harris,
1981) was the most tender. However, it is
applicable to assess if meat from diverse
categories having a differences in structure
of connective tissue, requires different
treatments in order to be tendered. The
carbon footprint of food is the greenhouse
gas (GHGs) emissions starting from
growing or raising to disposal. The carbon
foot print has found much more in animal
than crop produces (Environmental
Working Group, 2011). There is little
information footprint
production as making food using sous vide
method. For this reason, the aim of this
study was to assess meat quality and carbon
footprint of beef from crossbred cattle using
different temperatures and times of sous
vide cooking.

about carbon

Materials and methods

Bovine longissimus dorsi (LD)
muscles from four crossbred Brahman x
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Thai native beef cow with 4 years of age
were purchased from Amnat Charoen
province’s local market. The muscles were
trimmed and a total of 15 parts were then
cut with the 1-inch-thick steak. The samples
weight and color were measured prior to
study. The samples were then randomly
divided into three sous vide cooking
temperatures at 55, 59, and 70°C and five
prolong times including 1, 6, 12, 24, and 48
h, respectively. All samples were packed in
LLDPE vacuum bag (15x17 cm) and
cooked using an immersion cooker (SVJ-
1000, Sous Vide Precision Cooker, China).
The cooking steps proceeded follow: (1)
preparing the beef, (2) vacuum the bag, (3)
heating the beef, (4) finishing, (5) and
analyzing. All removed samples were kept
under room temperature until cold prior to
further analysis for cooking loss, surface
color (CR-400, Minolta Co. Ltd., Osaka,
Japan), total color difference (AE= [(L1* —
L2%)2 + (al* —a2*)2 + (b1* — b2%)2]1/2)
(AMSA, 2012) and browning index (B.I. =
[100 (x — 0.31)]/ 0.17)), where: x = (a* +
1.75L*)/ (5.645L* + a* — 3.012b%)
(Mohammadi et al., 2008).

Firmness and work of shear/
toughness analysis was based on AMSA
guidelines (AMSA, 2012). Lastly, texture
profile analysis (TPA) as described by
Bourne (1978) was evaluated using the TA-
XT. plus Texture Analyzer (Stable Micro
System Ltd., Surry, UK) equipped with an
aluminum cylindrical probe P/50. Six
samples from the steaks were cut into
1x1.5x1 in parallel diameter to the
longitudinal of the muscle fibers. The
setting conditions were: test speed: 5.0
mm/s, strain: 75%, time: 5.0 s, trigger type:
auto; trigger force: 5 g, and 50 kg of load
cell. In each sample, the compressing 75%
was performed in two cycles to determine
hardness (kg), cohesiveness, springiness
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(cm), gumminess (kg), and chewiness (kg).

Carbon footprint and total cost
were calculated from the equation follows:

Carbon footprint (kgCO2e) =
[(Beef (kg) x 9.912 kgCO2e) + (electricity
use (kWh) x 0.6933 kgCO2e) + (plastic use
(kg) x2.0015 kgCO2e) + (tab water use (L)
% 0.3238 kgCO2e]

where the emission factor obtained
from report of Thai LCI/ MTEC (2016)

Total cost (Baht) = Beef price (280
Baht/kg) + Electricity bill (5 Baht/kWh) +
plastic bill (130 Baht/kg) + water bill (16
Baht/m3)

Statistical analysis: All
experimental records obtained from meat
quality, carbon footprint and total cost were
subjected to ANOVA for 3 x 5 factorial
arrangements in CRD with three cooking
temperatures (55, 59, and 70°C) and five
cooking times (1, 6, 12, 24, and 48 h) using
the GLM procedure (SAS, 2015). The
differences at the 5% significant level
among the means of each groups were
compared by Duncan’s New Multiple
Range Test (Steel et al., 1997).

Results and discussion

The results of sous vide cooked beef on
cooking loss, meat color, and browning
index is shown in Table 1

Higher values in cooking loss were
found when cooked at 70°C and longer time
from 6 to 48 h compared to other treatments.
This effect was reliable with the results of
beef (Garcia - Segoviaetal.,2007). Cooking
at 55 or 59°C for 1-12 h had the greater L*
values. The indices of a*, b* h*, and
browning index did not affect by
temperatures, but they were significantly
increased with times except for a* values.
Cooked meat color generally suggested
higher L* and b*, whereas lower a* as
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temperature and cooking time increases. In
current research, the lowest L* values found
in samples cooked at 70°C and lengthier
time because the sample seemed to more
brown surface linking to more brown index
as well. The AE was influenced by only
temperature and presented the highest value
when cooked at 59°C.

In Table 2, regarding shear values,
the higher cooking temperatures, the greater
firmness (peak force) presented. Increased
work of shear/ toughness was seen when
cooked at 59°C for 24 and 48 h. Though,
(2013) noted that
prolonged cooking time at temperatures 53-
63°C for up to 20 h in sous vide could
reduce toughness in beef; however, in our
study prolonged times did not affect any
firmness. This result was consistent with 60
— 70°C cooked beef and goat meat (Ismail
et al,, 2019). For TPA, the springiness,
cohesiveness, gumminess, and chewiness
values were affected by combinations of
temperatures and cooking times. These
values showed the lowest in beef cooked at
70° C for 48 h compared to other
combinations. The maximum temperature
(70°C) resulted in harder meat, the softer
meat was presented at 48 h. This may be
explained by the higher degree of unfolding
and denaturation of sarcoplasma proteins
and myosin, and other collagen
solubilization (Tornberg, 2005).

Sous vide cooked beef’s emission
footprint and cost were the highest values
when treated at higher temperatures and
longer times. In beef cooked at 70°C for 48
h had 17.11 kgCO2e and 125.46 Baht
greater than those samples cooked lower
heats or shorter times. Taking into 55 and
59°C cooking account, the longest time
also generated higher CO2e releases and
cost compared to the others. The values of

Christensen et al.
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CO2e quite high when compared to
traditional meat cooking reported by
Chester (2018), who found that gas
emissions from electric roasted was 3.4926
kgCO2e; however, charcoaled-grill turkey
and smoked turkey required 17.4633 and
41.1861 kgCO2e.

In conclusion, cooking at 70°C had
the greatest values of cooking loss, firmness,
and hardness. Prolonged times reduced a*,
and some textural profiles; but, increased
b* h* and cooking loss, and browning
index. The most tender meat presented in
sample cooked at 55°C and delayed time to
48 h. We suggested that cooking at 59°C for
1 to 6 h has a lowered carbon footprint and
total cost.

References

AMSA. 2012. Meat Color Measurement
Guidelines. American Meat Science
Association. Champaign, IL.

Baldwin, D. E. 2012. Sous vide cooking:
A review. Int. J. Gastron. Food Sci.
1:15-30.

Bourne, M. C. 1978. Texture Profile
Analysis. Food Technol. 32:62-72.

Bouton, P. E. and P. V. Harris. 1981.
Changes in the tenderness of meat
cooked at 50-65°C. J. Food Sci.

46:475-478.
Chester, M. 2018. Thanksgiving redux:
embedded energy &  carbon

emissions of turkey cooking methods.
http://chesterenergyandpolicy.
com/2018/11/21/. Accessed 12 Apr. 2019.
Christensen, L., P. Ertbjerg, H. Loje,
J. Risbo, F. W. J. Van Den Berg, and
M. Christensen. 2013. Relationship
between meat toughness and
properties of connective tissue from
cows and young bulls heat treated at
low temperatures for prolonged
times. Meat Sci. 93:787-795.
Davey, C. L., A. F. Niederer, and

WANERT 47 aUUNAE 2 : (2562)

A. E. Graafhuis. 1976. Effects of
ageing and cooking on the tenderness
of beef muscle. J. Sci. Food Agric.
27:251-256.

Environmental Working Group. 2011.
Meat Eaters Guide: Methodology.
http://static.ewg.org/reports/2011/
meateaters/pdf/methodology ewg
meat_eaters_guide to health _and
climate 2011.pdf. Accessed 12 Apr.
2019.

Garcia-Segovia, P., A. Andrés-Bello,
and J. Martinez-Monzé. 2007. Effect
of cooking method on mechanical
properties, color and structure of
beef muscle (M. pectoralis). J. Food
Eng. 80:813-821.

Ismail, I., Y. H. Hwang, and S. T. Joo.
2019. Effect of different temperature
and time combinations on quality
characteristics of sous-vide cooked
goat gluteus medius and biceps femoris.
http://doi.org/10.1007/s11947-019-
02272-4. Accessed 11 Apr. 2019.

Mohammadi, A., R. Shahin, E. D. Zahra,
and K. Alirez. 2008. Kinetic models
for colour changes in kiwi fruit slices
during hot air drying. World J. Agric.
Sci. 4:376-383.

SAS. 2015. SAS/STAT® 14.1 User’s
Guide. SAS Institute Inc., NC.

Steel, R. G., J. H. Torrie, and D. A. Dicke.
1997. Principles and Procedures of
Statistics: A Biological Approach.
McGraw-Hill., NY.

Thai LCI/ MTEC. 2016. Emission
factor divided by industry group.
http://thaicarbonlabel.tgo.or.th/
admin/uploadfiles/emission/ts_
f2e7bb377d.pdf. Accessed 12 Apr.
2019.

Tornberg, E. 2005. Effect of heat on
meat  proteins-implications  on
structure and quality of meat
products. Meat Sci. 70:493-508



415

1 (2019).

KHON KAEN AGR. J. 47 SUPPL.2

(S0°0>d) Waieyip Apueoyiubis 81edlpul UWN|OD Ul SIN8| 1UBISHId 4.

6660 6560 YAXA G8e0 60 08¥°0 eero €000 a.v
100°0> €500 100°0> 1800 100°0> 100°0> 80070 100°0> S|
G820 100°0> 6510 G990 /920 61710 9000 100°0> v
anjeA-d
91 °¢+0€°G. G6°0F€C L) £86'0¥€9°09 89'0F06'LCc  .850¥¥861 NANEIANG q+6'0%9C°Sy  .c9'CF60°LC Y-8y
LT CFI6°89 L16'0FLLLL 8L LFLY 29 1G'0F19°0C  95°0¥9L'8L  ,895°0%8¥'6 ,6'0¥€9°GY .07 ¢¥8G V¢ y-ve
€ LFGL .G /8°0FLC L) S8 EFVS LG 9L°CFSOGL  LLE0FLOLL 6E0¥1L9°8 €0 LF6Y' Sy 99'¢+ce e y-cl
1«8 0¥18°LS L0°LFCy 9L el LFG6°CS  VE0F06'0C SV 0FLGIL  (95°0%29°Cl L0 LFL6°LY  462°CFIV0C y-9
QO LFL9°/G Y1 1¥917°0¢ BEEFCSGY 28°0¥GL'cc 8V 0¥CL'GL  BELFISGL  LO0LFBI0S 0SS LFLFEL y-1
(9) awn Bujood
Zr'gFLL 69 0L2FeL’LL /1°¢¥€9°09 ¥5°0¥61°0¢ L7 0FPE LL 78'0F06'6 06 0FLV vy .L9CF88°0E 0. 0.
¥/°¢¥99°¢29 L20F0C ¢ E8'CFLY VS 1€ CFYT 6L 99'0F8G° /1L cLlFee Ll Ol LFrl'8y £V 1+/88L 0. 69
8€°¢+9.°19 ¢,8°0708'v| §6°¢+0C°SS 29'0%0¢’LC GL0%0)° L1 €0'L+66°L 1 607587 O LFLY VL 0, G5
(v) @injesadwa |

Xspul E\VJ <Y o) «d B %1 (%) sway

Bulumolg ss0| Buyoo)

"seuwll} pue sainjeladwia] JUslaip 18 pay000 apIA SNOS J8ad Jo (NIS F UesWw) xopul Buiumolq pue ‘1ojod 1eaw ‘sso| Buiyoo) | a|qel



1 (2562)

a

WALINEAT 47 RUIUNLAL 2

416

"(G0°0>d) Wuslayip Apueoyiubis 81edlpul UWN|00 Ul S1eNd| JUSIBRId 4y

9000 100°0> c000 0€0'0 GL0°0 100°0> G810 100°0> 410 gd:V
100°0> 100°0> 100°0> 1000 /950 100°0> 1000 0490 G620 g
100°0> 100°0> ¢00°0 6100 8€L°0 100" 0> ¢l00 1000 /100 v
anjea-d
L£E°GFI66  G6°0FLCCl (SO0°0FSY 0 48L°0FeC’¢ L0'0F0S°0 0000’0 9 0FLY'Y 8E'C¥8l6Y ¢ 0¥y 9 Y-8y
489°€¥989L  ,0G9°0%.C'8 ,00¥88°0 0C0F1L8°¢E L0'0FES0 +0°0¥2C’0 LE0FEC L 89'CFE6 6V 72 0F.C 'L Y-c
LL'CF6.L°9G L2 0F18'G ,00¥G80 b2 0F8GE 10'0+¢S°0 L0°0FrC0 7' 0669 0g€c*LL'LS 6%7'0¥8%°9 y-cl
N AR TANAS oL 0FL9Y 60°0¥.8°0 62 0F79°E L0'0F¥S°0 L0°0FEC0 750089 98'C¥5.'8Y 67°'0¥81°9 y-9
,66°¢+0°0S RAN N Y 21 '0F€6°0 OV 0FLCY ¢0'0¥19°0 ql0°0¥1LC0 92°0%.1'8 08'c*LG'GY 67'0¥28'G u-1
(g) swn Bupjoon
9 /FES6. V2 1F96'8 b1°0¥96°0 LV 0FC0' Y 10°0+¢S°0 0°0F€C0 0L°0¥v9°L S0 €F39°EY L£e0FEL L 0. 02
OO TVFLBBG  (C90FGL9 B800F6L0 62 0FPYE 10'0F0S°0 0°0F€C0 95°0+98°9 C6 1 F+9G'GG w7’ 0¥199 0. 69
€L’ €FB0C9 (G 0F66'G 490°0%€9°0 461°0%2¢0°¢ ¢0'0¥%¥5°0 400120 7€' 0F99°G 400°€F99°CY 1€V’ 0F89°G 0. §S
(V) @injesadws |
2 (00s'6Y)

(Gueq) (6:00bx) ) (&) (wo) (6%) ssauybno | (6%)

1500 |2101. ﬁhmwmw_ SSOUIMAYD  SSAUIUWND  SSeUSAISeyoD  sseulbuudg  sseupley /1eays JO oM SSeull4 swsy

sisAjeue a|ijoid ainxa |

sen|en Jeays

"Sewll} pue sainjeladwa] JUsIBlIp 1B POY00D SPIA SNOS Joaq JO (NJS F Ueaw) 1S09 [ej0) pue qulidioo) uogled ‘einixe) 1es|\ Z a|qel



