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ABSTRACT 

The objective of this study was to determine the in fluence of supplementations with 3.5 or 7.5 mg dihydroquercetin (experimen tal groups 

D1 and D2) o r with 0.255 or 0.545 g  dry distilled  rose petals (e xperimental groups R1 and R2)/kg/d added as to pig’s combined feed on 

the parameters of lipolysis expressed by acid value; lipid hydroperoxides expressed by peroxide value, lipid oxidation second ary 

products expressed by 2-tiobarbituric acid reactive substances (TBARS), pH and L*, a*, b* colour characteristics in m. Longissimus 

lumborum et  thoracis, m. Semimembranosus, backfat  and leaf fat stored 24 h and  7d  at 2±1°C, or 315 d at  -18±1°C. A  total o f 120 pigs 

were randomly d ivided into five groups – a control (C) and four experimental (D1, D2, R1 and R2) each fed 45 d prior to harvest with 

shown above levels of phytonutrients enriched diets. More pronounced effects were determined (P≤0.05) at frozen storage compa red to 

chilled storage. The oxidative and colour stabilit ies of chilled (2±1°C) and frozen (-18°C) pork are comparatively  higher when pig’s diet  

was supplemented with 3.5 mg dihydroquercetin or 0.255 g dry distilled rose petals/kg/d. The conclusion was made can the 

supplementation of pig’s combined feed (fin isher) with 3.5 mg dihydroquercetin or 0.255 g dry distilled rose petals/kg/d is a promising 

strategy to increase the oxidative stability of lean pork or fat and stabilized pork meat colour without deleterious changes of meat acidity. 

Keywords: pigs; dihydroquercetin; dry distilled rose petals; feed supplementation; muscles; fat; colour; lipolysis; lipid oxidation; 

 

1. INTRODUCTION 

 Numerous strategies exist to modify the composition of 

pork by altering protein content, vitamins, fats and fatty acid 

composition [1]. Further, additional  technologies in breeding 

practices increase the productivity of pigs and impact pork quality, 

specifically, indoor versus outdoor rearing [2], use of various 

muscle g lycogen-reducing diets [3] and dietary enrichment with 

vitamin E [4], conjugated linoleic acid [5], tuna oil [6], grape 

pomace [7] and astaxanthin [8]. Falowo et al. [9] specifically 

describe the positive effects of feed supplementation with natural 

and synthetic antioxidants on the inhibition of the oxidative 

degradation of meat. In addition, newly discovered plant-based 

substances such as Siberian larch d ihydroquercetin (Larix sib irica 

Ledeb) [10], ext ract of distilled rose (Rosa damascena Mill.) petals 

[11], the goji berry  (Lycium barbarum) dried fruits and pumpkin 

powder [12] and others have been investigated for benefiting food 

stability. 

Dihydroquercetin (DHQ) is capable of donating an electron and as 

such, inhibits hydroxyl rad icals [13]. DHQ is a powerfu l 

antioxidant that deactivates alkylperoxyl and superoxide rad icals, 

reduces haemolysis induced by phospholipase C and inhibits 

superoxide produced by xanthine oxidase [14]. Dihydroquercetin 

is a proven antioxidant, capillary p rotector with hepatoprotective, 

gastroprotective, anti-inflammatory, antisclerotic, radioprotective, 

anti-coagulant, anti-inflammatory properties and inhib its the LDL-

cholesterol oxidation in b lood serum [13]. Dihydroquercetin is 

often used for the prevention of oxidative stress and is well 

accepted as a treatment for select carcinomas, and cardiovascular 

and liver diseases [13]. DHQ’s anti-radical activ ity occurs at a 

concentration of about 0.0001-0.00001% in the absence of 

mutagenic activity [10].  

A by-product of rose oil p roduction is distilled rose (Rosa 

damascena Mill) petals. This product contains a wide range of 

flavonol glycosides and polyphenol with strong antioxidant 

capacity [11]. The addit ion of d istilled rose (Rosa Damascena 

Mill) petal ext racts improves colour stability of the canned 

strawberries’ beverage [15]. The dietary supplementation of dry 

rose (Rosa damascena Mill) petals or dihydroquercetin in chicken 

meat cuts improves their quality [16].  

Therefore, objective of this study was to determine the influence 

of two  sources of dihydroquercetin and dry distilled rose petals on 

the oxidative and colour stability of chilled (2±1 °C) and frozen   

(-18 °C) pork. 

2. MATERIALS AND METHODS 

 This experiment was designed using ARRIVE guidelines 

and performed in accordance to the European Convention for the 

protection of vertebrate animals used for experimental and other 

scientific purposes [17], Directive 2010/63/ЕС [18], Directive 

2008/120/EC [19], Recommendation 2007/526/EC [20], 

Regulation (EC) No 1099/2009 [21] and such as Bulgarian 

Veterinary  Activity Act [22] and Ordinance No 20 of 1 November 

2012 [23]. The experiment was approved by the Scientific Ethics 

Committee. 
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2.1. Dietary treatments and study design. 

2.1.1. Combined feed. 

Animals were fed  an ad libitum grower d iet to 60 kg  live 

weight and a finisher to 110 kg. Feed was prepared at the 

Agricultural Institute, Shumen, Bulgaria. Ingredient composition 

and the energy values of the diets are presented in Table 1, and 

their chemical composition in Table 2. 

 

Table 1. Ingredient composition and the energy value of the two fodder 

mixtures. 

Components 

Grower1  
Used in the period of 

adolescence 

(live weight 20 - 60 kg) 

Finisher1  
Used during the fattening 

period  

(live weight 60 – 110 kg)  

Maize, % 15.00 13.00 

Barley, % 25.00 10.00 

Wheat, % 27.00 50.00 

Wheat bran, % 8.00 7.00 

Vitamin/mineral 

premix Bio-con-

centrate-141, % 

25.00 – 

Vitamin/mineral 

premix Bio-con-

centrate-161, % 

– 20.00 

Total: 100.00 100.00 

Digestible 

energy, MJ 

13.46 13.72 

Metabolizable 

energy, MJ 

12.92 13.18 

1Bio-concentrates BK14 and BK16 included in the formulations of grower 

and finisher basal diets were supplied by Vasil Kostov Feed Factory, village 
Lyuben Karavelovo, Varna District, Bulgaria. 

 

Table 2. Proximate compositions of two diets used.  

Item 

Grower  

Used in the period of 

adolescence 

(live weight 20 - 60 kg) 

Finisher  

Used during the 

fattening period  

(live weight 60 – 110 kg)  

Moisture, % 17.10±0.67 15.70±0.57 

Dry matter, % 82.90±0.73 84.30±0.68 

Organic 

substances, % 

78.22±0.74 79.91±0.69 

Crude protein, % 15.75±0.83 15.02±0.54 

Crude lipids, % 2.81±0.52 2.42±0.56 

Crude fibers, % 4.79±0.91 3.84±0.87 

Ash, % 4.68±0.38 4.39±0.32 

Nitrogen free 

extract (NFE), % 

54.87±1.01 58.63±1.22 

Lysine,% 0.80±0.09 0.72±0.08 

Calcium, % 1.31±0.31 1.26±0.28 

Phosphorus, % 0.85±0.14 0.31±0.13 
 

2.1.2. Powdered dihydroquercetin isolate.  

DHQ preparation from Siberian larch  (Larix sibirica 

Ledeb) with purity ≥ 96% was secured from Flavitlife  Bio JSCo 

(Sofia, Bulgaria).    

2.1.3. Dry distilled rose petals.  

Rose distillation (Rosa damascena Mill.) was supplied by 

Bulatarts Productions (Skobelevo village, Bulgaria). Raw material 

was pressed and air dried (60 °C, 6 hrs).  Dry pressed distilled rose 

petals (DDRP) were finely powdered (< 0.4 mm) prio r to use as a 

dietary additive.     

2.1.4. Study design. 

The study was performed using late finishing Danube white 

pigs raised at the Animal Production Experimental Farm at the 

Agricultural Institute, Shumen, a division of the Agricultural 

Academy in  Sofia, Bulgaria. One hundred and twenty animals of 

equal size and age (male: female = 60: 60) were randomly 

assigned to five treatment groups. Treatment groups included: 

control pigs fed a normal diet (C); pigs fed a normal diet 

supplemented with 3.5 mg DHQ/kg/d (D1); p igs fed a normal diet 

supplemented with 7.5 mg DHQ/kg/d (D2); p igs fed a normal diet 

supplemented with 0.255 g DDRP/kg/d (R1);  and pigs fed a 

normal diet supplemented with 0.545 g DDRP/kg/d (R2). 

2.1.5. Growing and feeding of pigs. 

Thirty-five days old pigs were group fed  a growing pig  diet 

until reaching an average weight of 33 ± 0.65 kg. During the 

fin ishing period, they were reared according to the requirements of 

Ordinances No 21 of 14 December 2005 [24]. Diet composition is 

shown in Table 1. DHQ and DDRP supplementation began at an 

average live weight of 72 kg. Pigs were fed individually twice 

daily and d iets were weighed separately for each p ig. 

Phytonutrients were weighed and dosed individually for each pig 

according to live weight and expected increase from the previous 

weighing. Supplements were mixed with diets and fed each 

morn ing. Supplementations occurred over 40 d until harvest. Ad 

libitum water was provided.  

2.1.6. Harvesting.  

Pigs were blocked  by treatment and assigned to one of five 

harvest groups. Animals were t ransported and harvested at a 

commercial abattoir (Unitemp Ltd, Village of Voyvodinovo, 

Municipality Maritsa, District Plovdiv, Bulgaria) according to 

Regulations (EC) No 1/2005 [25], approved procedures from the 

Bulgarian Food Safety Authority (Ordinance No 16 of 3 February 

2006 [26]). After 18 hrs of lariage pigs were harvested in 

compliance with the requirement of Art. 9, par. 3 o f Ord inance No 

15 of 8 May 2009 [27]. The pigs were electrically stunned with the 

following exsanguination. The carcasses were scalded, dehaired 

and eviscerated. Carcasses were cooled for 24 hrs to 4 - 7 °C.  

2.2. Muscle and fat sampling. 

After chilling, meat samples from m. Longissimus thoracis 

et lumborum (hereafter referred to as m. Longissimus lumborum, 

LL) were collected between 12 - 13 ribs. The lumbar portion of 

and m. Semimembranosus (SM) muscle two adipose tissue depots 

- backfat (spinal subcutaneous fatty tissue, BF) and leaf fat (soft 

adipose tissue from chest cavity, LF) were dissected. Separated 

muscles and fat from each forequarter were vacuum packed and 

stored at 2 ± 1 °C. Samples for analysis were taken init ially at 24 h 

post-mortem and after 7 d of storage. Additional muscles and fat 

samples from the right forequarter were vacuum packed and 

frozen quickly at an air temperature of -35 ± 1 °C and an air flow 

rate 2 ± 1 m/s. Frozen samples were stored at -18 ± 1 °C. Samples 

were analysis after 315 d (9 months) of storage. 

2.3. Sample analyses. 

Analyses were performed in the laboratory of the 

Department of Meat and Fish Technology from Technological 

Faculty of University of Food Technologies (Plovdiv, Bulgaria).  

2.3.1. Lipid extraction 

Total lipids were ext racted from muscle and adipose tissue 

samples in  the dark using the polar and non-polar solvent methods 

as outlined by Bligh & Dyer [28]. Extracted lipids were stored at 2 

± 1 °C in the dark. 

2.3.2. Acid value.  

Approximately  one gram of extracted total fat was used for 

determination of free fatty acids expressed as acid value (AV). 
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Lipolytic changes in the fraction of the total lip ids extracted from 

the samples were determined using the procedure described by 

Zhang et al. [29]. The principal of this titrat ion method is based on 

the measurement of the number of carboxylic acid groups in 

lip ids, such as a liberated during lipolysis free fatty acids. The AV 

was presented as the mass of potassium hydroxide (KOH) in  mg 

needed for neutralization of one g of fatty tissue. The analysis 

were conducted in triplicate. 

2.3.3. Peroxide value.  

Primary lip id oxidation products were determined by the 

peroxide value (POV) using a Camspec M 550 double-ray  UV-

VIS spectrophotometer (Spectronic Camspec Ltd, Leeds, United 

Kingdom) and methods outlined by Yi et al. [30]. Specifically, the 

improved ferrous oxidation-xy lenol orange (mFOX) method was 

used where the absorbance measurements of colored complex of 

ferric ions formed by the oxidation of ferrous ions with the 

reaction of peroxides in the presence of xylenol orange (3, 3′ -bis 

[N,N′-d i{carboxymethyl}-aminomethyl]-o-cresolsulfonephthalein) 

are determined at 650 nm. POV was estimated using a standard 

curve. The analysis was conducted in triplicate. 

2.3.4. TBARS. 

Secondary lipid oxidation products, expressed as free 

malondialdehyde (MDA) were determined using TBARS as an 

indicator [31]. Absorbance measurement was performed at 532 nm 

on a double-lane scanning UV-VIS spectrophotometer Camspec 

M 550 (Spectronic Camspec Ltd, Leeds, United Kingdom). 

TBARS were calculated as mg of malonaldehyde/kg of meat. 

MDA results per kg of meat. Samples were run in trip licate; 

measures within a treatment and replication were averaged.  

2.3.5. pH analysis. 

The pH of the samples was measured 

electropotentiometrically  [32] using a calibrated d igital pH meter 

(Microsyst 2004;  Microsyst Ltd, Plovdiv, Bulgaria), equipped 

with a temperature and combined pH electrode  using a 10 g 

sample d iluted with 90 ml d istilled water. Measurements were 

conducted in triplicate. 

2.3.6. Instrumental colour measurements. 

Colour of the muscle and fat samples was determined 

according to lightness (L *), redness (a *), and yellowness (b *) 

values using a Konica Minolta co lorimeter CR-410 (CR-400, 

Konica Minolta, Inc., Tokyo, Japan) with a 2 ° standard observer 

and D65 illuminant daily of simulated retail display. The 

colorimeter was calibrated using a standard white t ile  covered in 

the polyvinylchloride film [33]. The samples were measured after 

unpacking and subsequence blooming for 30 min at 4 °C. 

Measurements were co llected on all samples. Samples were 

averaged from measurements collected at three locations.  

2.4. Statistical analyses. 

A two factor analysis with replications was used to evaluate 

the effect of type and concentration of phytonutrients and storage 

time on d ifferent traits (pH, L *, a  *, b  *, AV, POV, TBARS) 

using statistical software (SPSS version 12.0, SPSS, Thailand) 

package with an ANOVA. The overall analysis was conducted 

including all traits in the model (type and concentration of 

phytonutrients (fixed), t ime of storage (fixed) and pH, L *, a  *, b 

*, AV, POV, TBARS (covariates). The analyses were conducted 

for two types of muscles - m. Longissimus lumborum, m. 

Semimembranosus, as well as backfat and lean fat. 

 

Table 3. The percent of variation in pH, L*, a*,b*, AV, POV, TBARS 

modelled against concentration of phytonutrients and storage time. 

Significant predictors  

(Phytonutrient  type and concentration and storage time) 

R2 

(%) 

m. Longissimus lumborum 

pH   5.56 

L * 10.63 

a * 27.39 

b * 6.14 

AV 26.67 

POV 71.22 

TBARS 25.43 

m. Semimembranosus 

pH   37.58 

L * 30.51 

a * 12.10 

b * 68.92 

AV 30.54 

POV 71.58 

TBARS 44.33 

Backfat 

pH   66.11 

L * 38.16 

a * 27.25 

b * 12.62 

AV 38.01 

POV 77.34 

TBARS 57.95 

Leaf fat 

pH   1.70 

L * 42.12 

a * 35.16 

b * 13.58 

AV 30.54 

POV 75.05 

TBARS 56.79 

 

 Comparison of the values of the various indicators was 

done by the Student and ANOVA t-test of all the experimental 

samples with the controls on the one hand and inside the factor 

levels (low and high concentration of the supplemented 

antioxidant type phytonutrient) for statistically significant 

differences at the probability P < 0.05 or P < 0.01 respectively 

(Table  3). When the significant effect was found (p < 0.05), the 

Duncan New’s Multip le Rank test was used to compare the mean 

values.

3. RESULTS AND DISCUSSION  

3.1. Acid value. 

Irrespective of muscle or ad ipose tissue, feed 

supplementation (DDRP and DHQ) d id not affect significantly the 

AV after nearly  one year of frozen storage (Table 4).  One 

possible reason is reduction of enzyme-catalyzed lipolysis [34] as 

well as water activity of the sarcoplasm [35] after format ion of 

microscopic ice crystals in the meat fibers due to rapid freezing 

[36]. On the other hand, the relatively low levels of AV [37] after 

storage may be a consequence of free fatty acids in init iation 

reactions and further development of lip id oxidation [38]. This 

would be further reduced by rapid freezing immediately after 

harvest. Similar results were found in both muscles indicating  that 
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DDRP and DHQ supplementation slightly impact lipolytic 

changes in muscle tissue at early postmortem stages (Table 4). 

 Significant (P < 0.05) differences, though small, were 

detected in the AV of adipose tissues (Table. 4) after 24 hrs 

storage at 2 ± 1 °C. The difference between lowest and highest AV 

value varies from 0.20 mg KOH/g in the leaf fat  to 0.26 mg 

KOH/g in the backfat. Compared to controls, the AV of backfat 

was lower (P < 0.05) in group (D1), fo llowed by the group (R2). 

Feed supplementation with 0.252 g of DDRP/kg/d and 7.5 mg of 

DHQ/kg/d did not contribute to the AV reduction (24 hrs post 

mortem) in backfat and the leaf fat after storage. 

 After 7 days refrigerated storage at 2 ± 1 °C (Table 4), AV 

in LL samples from C, D2 and R1 groups did not differ 

significantly (P > 0.05). For the same studied period AV in D1 and 

R2 were 8 and 20% h igher (P < 0.05) than controls, respectively. 

AV in SM lipids, group C and D1 were not differed significantly, 

whereas R1 and R2 were lower than controls by 3 - 4%. One 

possible explanation is co mparatively high init ial pH of studied 

muscles (> 6.1) (Table 5) which does not allow higher free fatty 

acids contentment during storage [39]. In comparison, the AV of 

SM lipids in D2 pigs was approximately 10% less than controls.   

 In contrast, after 7 d  of storage at 2 ± 1 °C, both types of 

adipose tissue had lower (P < 0.05) AV for all experimental 

groups compared to controls (Tab le. 4). This reduction was most 

pronounced in R1 backfat and D1 leaf fat, with 0.12 and 0.18 mg 

KOH/g, respectively. According to Gandemer [40] the factors 

storage time and temperature greatly effect on the lipases activity 

and lipolysis of adipose tissue. It seems that lipolytic changes are 

not significantly affected by the type of phytonutrients used as 

supplemented in pig`s diet [41].  

3.2. Peroxide value. 

DHQ and DDRP supplementation had a little effect on the 

POV in LL and SM samples after 24 hrs and after 7 d of storage at 

2 ± 1 °C (Table 4). The POV of refrigerated stored samples was 

quite low and varied between 0.68 and 0.86 meqv O2/kg. These 

data argue that 7 days storage period is too short and lipid 

oxidation processes are probably in its` in itial phase. In  addition, 

there is relatively low amount of intramuscular fats and 

triglycerides in  the two  muscles studied [42].  It  is known that 

oxidation generally  begins with  phospholipids and if the meat  was 

stored intact, the oxidation occurred in short term refrigerated 

storage is weak [43]. 

DHQ and DDRP antioxidant phytonutrients feeding reduced (P < 

0.05) POV by 17-27% in D2 and R1 leaf fat after 24 hrs and after 

7 d of storage at 2 ± 1 °C compared to controls (Table 4). In 

backfat, the POV reduction was greatest (P < 0.05) in R1, 

followed by R2. The POV decrease in ch illed fat can be exp lained 

by the strong antioxidant action of both DDRP [11], as well as 

DHQ [10]. One possible explanation is higher antioxidant 

accumulat ion after feed supplementation in p ig fats exerting 

protective effect against oxidation [4].  

The use of DHQ and DDRP as feed supplements inhibited (P < 

0.05) the formation of primary lipid oxidation products during 

extended (9 months) storage at -18 ± 1 °C in  quick-frozen SM and 

backfat but was not so effective in frozen LL (Table 4). This is 

probably due to oxidative stability of the frozen pork during 

storage at -18 °C resides in an initial protracted lag period [44]. 

The most pronounced reducing effect on the POV levels in long-

term frozen storage (9 months) was found in R1 and R2, though 

positive effects were noted in  D1. These results demonstrate 

greater efficacy of phytonutrients added in lower doses against 

formation of primary lipid oxidation products in both muscle and 

fat tissue. According to Amaral et al. [45] the main  determinants 

for stability of raw meats to lipid oxidat ion are content of free 

ionic iron  and myoglobin, ferric reducing ability, PUFA as well as 

antioxidant content in meat as mentioned above. As the muscle 

tissue contained more myoglob in and free ionic iron than adipose 

tissue is expected oxidation to be faster in the LL and SM muscles. 

Similar results have been reported by Loetscher et al. [1] with 

poultry supplemented with rosemary  leaves, rosehip fruits, 

chokeberry pomace, and entire nettle.  

3.3. TBARS.  

Variable TBARS results were observed in samples after 24 

hrs of storage at 2 ± 1 °C. Samples from the LL d id not differ (P ˃ 

0.05) with respect to TBARS values (Table 4). Conversely, values 

from the SM and backfat samples were lower (P < 0.05) in all 

treated samples compared to  controls. In  backfat  the only 

exception is D2 which does not change significantly to C. The 

lowest (P < 0.05) TBARS values were found in D1 samples, 

followed by R2 and R1. All measured TBARS values up to day 7 

ranging from 0.202 to 0.664 and indicate that the meat is fresh 

[46].  

After 7 d of storage, the MDA content of all samples was 

lower (P < 0.05) or unchanged compared to controls (Tab le 4), 

except was D2 in LL with 17% increasing (P < 0.05). The lowest 

secondary products of lipid oxidation were observed in D1 

backfat. In SM samples, the lowest (P < 0.05) TBARS values were 

found in D1 and R1. Compared to controls, lower TBARS (P < 

0.05) were found in the four treated groups of frozen samples 

under long-term storage (Table 4). The only exception was D2 in 

SM which does not change significantly (P ˃ 0.05) to C. 

 Formation of secondary lipid  oxidation products was 

minimal in LL of D1 pigs, followed by SM of D1 and R1 pigs, 

backfat of R2 and R1 pigs and leaf fat samples from D1 and D2 

pigs. According to Frank [4] dietary supplementation with 

phytonutrients reaches in flavonoids such as catechin, epicatechin 

and quercetins increased in vivo concentrations of tocopherols 

mainly  in pig ’s fat. Our results confirm this suggestion by lower 

TBARS obtained at 7 d post mortem at 2 ± 1 °C and after 315 d 

freezing in enriched with DDRP and DHQ backfat, leaf fat and m. 

Semimembranosus compared to m. Longissimus lumborum.   

 In conclusion, supplementation with a phytonutrient such 

as DHQ and DDRP leads to a reduced accumulat ion of primary 

and secondary lipid oxidation products  during storage in both 

muscle and adipose tissue. These results indicate that the dietary 

DHQ and DDRP addit ion had antioxidant effects on meat lip ids 

and confirmed  previous reports [1] with positive effects on 

oxidative stability of the meat after feed supplementation.  This 

effect is more pronounced in long term versus short term storage. 
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Table 4. Lipolytic and oxidative changes in pork lipids during different types of storage represented by the AV, POV and TBARS expressed as means ± standard error of the mean (SEM). 
 

S
to

r
a

g
e
 

ti
m

e
 m. Longissimus lumborum m. Semimembranosus Backfat Leaf fat 

(C) (D1)  (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) 

A
V

, 
m

g
 K

O
H

/g
 

2
4

 h
 

2
±

1
 °

C
 

0.40 
±0.04

a,y
 

0.40 
±0.03

a,y
 

0.42 
±0.05

a,y
 

0.44 
±0.02

a,y
 

0.40 
±0.03

a,y
 

0.50 
±0.05

a,y
 

0.45 
±0.05

a,y
 

0.43 
±0.05

a,y
 

0.44 
±0.03

a,y
 

0.40 
±0.07

a,y
 

0.50 
±0.05

b,c,y
 

0.37 
±0.05

a,y
 

0.63 
±0.04

d,y
 

0.55 
±0.02

c,y
 

0.42 
±0.03

a,b,y
 

0.65 
±0.04

c,y
 

0.45 
±0.05

a,b,y
 

0.55 
±0.05

b,y
 

0.55 
±0.02

b,y
 

0.45 
±0.03

a,y
 

7
 d

 
2

±
1

 °
C

 

0.65 
±0.05

a,z
 

0.70 
±0.05

a,b,z
 

0.64 
±0.05

a,z
 

0.68 
±0.05

a,b,z
 

0.78 
±0.05

b,z
 

0.73 
±0.03

a,z
 

0.74± 
0.04

a,z
 

0.66 
±0.04

a,z
 

0.70 
±0.02

a,z
 

0.71 
±0.03

a,z
 

0.75± 
0.01

c,z
 

0.67± 
0.03

a,b,z
 

0.74± 
0.01

c,z
 

0.63± 
0.03

a,z
 

0.72± 
0.02

b,c,z
 

0.84 
±0.04

c,z
 

0.64 
±0.04

a,z
 

0.76 
±0.03

b,z
 

0.66 
±0.03

a,z
 

0.76 
±0.06

b,c,z
 

3
1

5
 d

 
-1

8
±

1
 °

C
 

0.10 

±0.02
а,x

 

0.12 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.12 

±0.01
а,x

 

0.12 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.12 

±0.01
а,x

 

0.11 

±0.01
а ,x

 

0.11 

±0.0
а,x

 

0.11 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.12 

±0.01
а,x

 

0.12 

±0.01
а,x

 

0.11 

±0.01
а,x

 

0.12 

±0.01
а,x

 

P
O

V
, 

m
e
q

v
 O

2
/k

g
 

2
4

 h
 

2
±

1
 °

C
 

0.83 
±0.05

a,b,x
 

0.87 
±0.03

b,x
 

0.79 
±0.02

a,x
 

0.79 
±0.04

a,x
 

0.84 
±0.03

a,b,x
 

0.83 
±0.02

b,x
 

0.83 
±0.03

b,x
 

0.84 
±0.03

b,x
 

0.80 
±0.03

b,x
 

0.68 
±0.03

a,x
 

0.86 
±0.01

c,x
 

0.82 
±0.02

b,x
 

0.83 
±0.01

b,x
 

0.67 
±0.04

a,x
 

0.70 
±0.05

а,x
 

0.88 
±0.03

c,x
 

0.87 
±0.03

c,x
 

0.75 
±0.03

b,x
 

0.69 
±0.02

a,x
 

0.95 
±0.03

d,x
 

7
 d

 
2

±
1

 °
C

 

0.83 
±0.05

a,x
 

0.78 
±0.02

a,x
 

0.77 
±0.03

a,x
 

0.79 
±0.05

a,x
 

0.75 
±0.04

a,y
 

0.86 
±0.03

a,x
 

0.85 
±0.02

a,x
 

0.86 
±0.03

a,x
 

0.83 
±0.01

a,x
 

0.81 
±0.04

a,x
 

0.87 
±0.01

b,x
 

0.85 
±0.03

b,x
 

0.85 
±0.02

b,x
 

0.74 
±0.05

a,y
 

0.76 
±0.03

a,x
 

0.94 
±0.02

c,y
 

0.93 
±0.02

c,y
 

0.81 
±0.04

b,x
 

0.74 
±0.01

a,y
 

0.92 
±0.04

c,x
 

3
1

5
 d

 
-1

8
±

1
 °

C
 

1.39 
±0.02

a,y
 

1.52 
±0.02

b,y
 

1.48 
±0.03

b,y
 

1.48 
±0.04

b,y
 

1.51 
±0.02

b,z
 

1.51 
±0.02

b,y
 

1.56 
±0.07

b,y
 

1.67 
±0.01

c,y
 

1.47 
±0.02

b,y
 

1.31 
±0.07

a,y
 

1.85 
±0.02

c,y
 

1.79 
±0.03

b,y
 

1.80 
±0.02

b,y
 

1.78 
±0.04

b,z
 

1.71 
±0.01

a,y
 

1.65 
±0.01

a,z
 

1.69 
±0.05

a,z
 

1.80 
±0.04

b,y
 

1.64 
±0.02

a,z
 

1.61 
±0.04

a,y
 

T
B

A
R

S
, 

m
g

 M
D

A
/k

g
 

2
4

 h
 

2
±

1
 °

C
 

0.27 

±0.03
a,x

 

0.28 

±0.02
a,x

 

0.31 

±0.02
a,x

 

0.25 

±0.04
a,x

 

0.26 

±0.03
a,x

 

0.60 

±0.05
c,y

 

0.24 

±0.03
а,x

 

0.32 

±0.03
b ,x

 

0.26 

±0.02
a,x

 

0.26 

±0.01
a,x

 

0.58 

±0.06
c,x

 

0.20 

±0.02
а,x

 

0.50 

±0.02
c,x

 

0.46 

±0.05
b,x

 

0.42 

±0.01
b,x

 

0.50 

±0.05
b,x

 

0.44 

±0.02
b,x

 

0.47 

±0.02
b,x

 

0.44 

±0.03
a,b,x

 

0.39 

±0.02
a,x

 

7
 d

 
2

±
1

 °
C

 

0.29 

±0.05
a,x

 

0.34 

±0.02
a,y

 

0.44 

±0.02
b,y

 

0.29 

±0.03
a,x

 

0.32 

±0.03
a,x

 

0.63 

±0.04
c,y

 

0.28 

±0.03
a,x

 

0.38 

±0.03
b,x

 

0.29 

±0.02
a,x

 

0.33 

±0.02
a,b,y

 

0.67 

±0.03
d,x

 

0.23 

±0.04
а,x

 

0.54 

±0.02
c,y

 

0.49 

±0.02
b,x

 

0.45 

±0.03
b,x

 

0.57 

±0.03
c,x

 

0.47 

±0.01
b,x

 

0.49 

±0.02
b,x

 

0.47 

±0.02
a,x

 

0.43 

±0.04
a,x

 

3
1

5
 d

 
-1

8
±

1
 °

C
 

0.49 

±0.03
c,y

 

0.34 

±0.01
a,y

 

0.43 

±0.04
b, y

 

0.40 

±0.01
b,y

 

0.41 

±0.03
b,y

 

0.51 

±0.05
b,x

 

0.37 

±0.06
a,y

 

0.58 

±0.03
b,y

 

0.38 

±0.02
a,y

 

0.43 

±0.03
c,z

 

1.31 

±0.08
c,y

 

1.27 

±0.02
c,y

 

1.06 

±0.03
b,z

 

1.03 

0.05
b,y

 

0.90 

±0.04
a,y

 

3.07 

±0.05
d,y

 

1.30 

±0.02
a,y

 

1.28 

±0.15
a,y

 

2.10 

±0.03
c,y

 

1.55 

±0.01
b,y

 

a, b, c  Means in the same row for individual muscle or fat with different superscript letters differ significantly (P≤0.05).  
w, x, y , z Means in the same column for individual muscle or fat with different superscript letters differ significantly (P≤0.05).   

Table 5. Changes in the pork pH during different types of storage expressed as means ± standard error of the mean (SEM) 

 
рН 

m. Longissimus lumborum m. Semimembranosus Backfat Leaf fat 

(C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) 

45 
min 

6.25 
±0.08

a,z
 

6.21 
±0.02

a,z
 

6.19 
±0.04

a,z
 

6.15 
±0.06

a,y
 

6.18 
±0.08

a,z
 

6.24 
±0.03

a,   z
 

6.20 
±0.04

a,z
 

6.18 
±0.05

a,        z
 

6.16 
±0.05

a,z
 

6.17 
±0.04

a,z
 

6.89 
±0.05

a,z
 

6.91 
±0.04

a,z
 

6.99 
±0.07

a,z
 

6.95 
±0.05

a,z
 

6.98 
±0.06

a,z
 

6.87 
±0.06

a,z
 

6.81 
±0.05

a,z
 

6.89 
±0.05

a,z
 

6.84 
±0.06

a,z
 

6.86 
±0.05

a,z
 

24 h 
2±1 °C 

5.71 
±0.02

b,x
 

5.79 
±0.03

c,x
 

5.62 
±0.02

a,w
 

5.90 
±0.04

d,x
 

5.72 
±0.05

b,c,x
 

5.70 
±0.03

b   ,x
 

5.60 
±0.04

a,w
 

5.69 
±0.05

a,b,w
 

5.71 
±0.01

b,w
 

5.61 
±0.02

a,w
 

5.82 
±0.03

d,x
 

5.68 
±0.02

b,y
 

5.55 
±0.01

a,w
 

5.73 
±0.01

c,y
 

5.66 
±0.10

b,c,x
 

6.52 
±0.05

a,x
 

6.59 
±0.04

a,b,x
 

6.51 
±0.06

a,x
 

6.56 
±0.02

a,x
 

6.62 
±0.01

b,x
 

7 d 
2±1 °C 

5.90 
±0.05

a,y
 

5.89 
±0.04

a,y
 

5.88 
±0.02

a,y
 

5.91 
±0.01

a,x
 

5.90 
±0.01

a,y
 

6.01 
±0.03

a,b,y
 

5.98 
±0.03

a,b,y
 

6.00 
±0.04

a,b,y
 

6.03 
±0.01

b,x
 

5.99 
±0.01

a,y
 

5.65 
±0.02

c,w
 

5.54 
±0.04

a,b,x
 

5.60 
±0.02

b,x
 

5.50 
±0.06

a,x
 

5.58 
±0.02

a,b,x
 

5.61 
±0.03

b,c,y
 

5.57 
±0.01

a,b,x
 

5.60 
±0.01

b,c,w
 

5.55 
±0.03

a,w
 

5.63 
±0.03

c,w
 

315 d 
-18±1 °C 

5.84 
±0.03

b,y
 

5.73 
±0.03

a,x
 

5.78 
±0.03

a,x
 

5.92 
±0.05

c,x
 

5.73 
±0.03

a,x
 

5.96 
±0.04

b,   y
 

5.88 
±0.03

a,x
 

5.88 
±0.02

a,   x
 

6.06 
±0.01

c,y
 

5.91 
±0.01

a,b,x
 

6.66 
±0.03

a,y
 

6.67 
±0.03

a,y
 

6.70 
±0.03

a,y
 

6.68 
±0.08

a,y
 

6.67 
±0.05

a,y
 

6.64 
±0.05

a,y
 

6.68 
±0.04

a,y
 

6.69 
±0.03

a,   y
 

6.65 
±0.04

a,y
 

6.69 
±0.02

a,y
 

a, b, c  Means in the same row for individual muscle or fat with different superscript letters differ significantly (P≤0.05). 
w, x, y , z Means in the same column for individual muscle or fat with different superscript letters differ significantly (P≤0.05). 
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Table  6. Changes in the instrumental colour characteristics of m. Longissimus lumborum, m. Semimembranosus, backfat and leaf fat during different types of storage expressed as means ± standard error of the mean (SEM). 
C

o
lo

u
r
 

p
a

r
a

m
e
te

r
s 

S
to

r
a

g
e
  

ti
m

e
 

 m. Longissimus lumborum m. Semimembranosus Backfat Leaf fat 

(C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) (C) (D1) (D2) (R1) (R2) 

L
*

 

2
4

 h
  

2
±

1
 °

C
 

43.57 

±0.70
а,x

 

46.47 

±0.16
c,x

 

46.34 

±0.29
c,x

 

48.89 

±0.27
d,x

 

45.06 

±0.86
b,x

 

41.22 

±0.62
а,x

 

44.21 

±0.24
c,x

 

46.01 

±0.23
d,x

 

45.75 

±0.24
d,x

 

43.15 

±0.06
b,x

 

73.91 

±0.25
d,x

 

73.10 

±0.11
c,x

 

72.59 

±0.23
b,x

 

73.30 

±0.19
c,x

 

70.52 

±0.30
а,x

 

78.97 

±0.29
d,x

 

76.42 

±0.24
b,x

 

76.58 

±0.32
b,x

 

77.20 

±0.13
c,x

 

75.57 

±0.18
a,x

 

7
 d

  
2

±
1

 °
C

 

43.17 
±0.56

а,x
 

50.01 
±0.29

d,z
 

48.10 
±0.55

c,y
 

48.67 
±0.67

c,x
 

44.92 
±0.43

b,x
 

41.05 
±0.34

а,x
 

47.97 
±0.27

d,z
 

46.27 
±0.64

c,x
 

45.52 
±0.71

c,x
 

43.28 
±0.38

b,x
 

79.34 
±0.37

a,y
 

79.25 
±0.25

a,y
 

79.09 
±0.54

a,y
 

79.24 
±0.53

a,y
 

79.01 
±0.49

a,y
 

79.80 
±0.25

a,y
 

79.71 
±0.30

a,y
 

79.62 
±0.46

a,y
 

79.63 
±0.37

a,y
 

79.59 
±0.44

a,y
 

3
1

5
 d

 
-1

8
±

1
 °

C
 

46.33 
±0.21

a,y
 

47.93 
±0.31

b,y
 

50.09 
±0.57

c,z
 

50.92 
±0.28

c,y
 

54.41 
±0.28

d,y
 

44.54 
±0.68

a,y
 

45.82 
±0.44

b,y
 

47.22 
±0.50

 c,y
 
48.85 

±0.23
d,y

 
50.71 

±0.18
e,y

 
79.69 

±0.43
a,b,y

 
79.64 

±0.21
b,y

 
79.15 

±0.27
a,b,y

 
79.18 

±0.40
a,b,y

 
79.06 

±0.22
a,y

 
80.02 

±0.42
a,y

 
79.93 

±0.29
a,y

 
79.84 

±0.31
a,y

 
79.73 

±0.30
a,y

 
79.77 

±0.25
a,y

 

a
*

 

2
4

 h
  

2
±

1
 °

C
 

15.70 
±0.11

e,z
 

13.61 
±0.04

c,y
 

12.87 
±0.16

a,y
 

15.03 
±0.07

d,z
 

13.39 
±0.08

b,z
 

13.15 
±0.07

d,x
 

12.54 
±0.06

b,x
 

11.79 
±0.32

а,y
 

12.32 
±0.11

b,y
 

12.76 
±0.18

b,x
 

3.74 
±0.55

c,x
 

3.16 
±0.49

a,x
 

3.17 
±0.32

a,x
 

3.19 
±0.12

a,x
 

3.49 
±0.38

b,x
 

4.24 
±0.14

b,x
 

4.04 
±0.31

a,b,x
 

4.15 
±0.22

c,b,x
 

3.81 
±0.11

a,x                   
3.62 

±0.35
а,c,x

 

7
 d

  
2

±
1

 °
C

 

13.71 

±0.17
b,x

 

13.08 

±0.47
b,x

 

12.13 

±0.13
a,x

 

13.60 

±0.25
b,y

 

12.05 

±0.38
a,x

 

13.31 

±0.27
c,x

 

12.81 

±0.48
b,c,x

 

11.05 

±0.28
a,x

 

11.77 

±0.41
а,x

 

12.63 

±0.29
b,x

 

5.49 

±0.22
b,z

 

4.88 

±0.26
a,y

 

4.77 

±0.29
a,y

 

4.86 

±0.31
a,y

 

4.83 

±0.25
a,y

 

5.83 

±0.18
b,z

 

5.41 

±0.19
a, z

 

5.42 

±0.14
a,z

 

5.43 

±0.17
a, 

z
 

5.34 

±0.21
a,z

 

3
1

5
 d

 
-1

8
±

1
 °

C
 

15.35 
±0.21

c,y
 

12.91 
±0.25

bx
 

12.56 
±0.3

b, x,y
 

11.88 
±0.11

а,x
 

12.77 
±0.13

b,y
 

14.27 
±0.12

 e,y
 

13.71 
±0.11

d,y
 

12.03 
±0.44

 a,z
 

12.71 
±0.06

 b,z
 

13.31 
±0.07

 c,y
 

4.54 
±0.20

a,y
 

4.50 
±0.19

a,y
 

4.30 
±0.21

a,y
 

4.41 
±0.43

a,y
 

4.39 
±0.19

a,y
 

4.77 
±0.35

a,y
 

4.82 
±0.28

a,y
 

4.86 
±0.16

a,y
 

4.74 

±0.34
a, 

y
 

4.91 
±0.20

a,y
 

b
*

 

2
4

 h
  

2
±

1
 °

C
 

3.72 
±0.05

a,x
 

4.39 
±0.05

c,x
 

4.24 
±0.14

c,x
 

5.07 
±0.09

d,y
 

3.93 
±0.20

b,x
 

3.03 
±0.05

а,x
 

3.05 
±0.01

а,x
 

4.53 
±0.09

d,y
 

4.06 
±0.04

b,x
 

4.22 
±0.04

c,y
 

3.67 
±0.21

а,x
 

4.52 
±0.10

c,x
 

4.31 
±0.48

b,c,x
 

4.23 
±0.17

b,x
 

4.40 
±0.14

b,c,x
 

4.48 
±0.32

а,x
 

4.92 
±0.18

b,x
 

4.95 
±0.25

b,x
 

4.91 
±0.23

b,x
 

4.93 
±0.09

b,x
 

7
 d

  
2

±
1

 °
C

 

3.54 

±0.12
a,x

 

5.48 

±0.23
c,y

 

5.34 

±0.13
c,z

 

4.55 

±0.22
b,x

 

  3.90 

±0.28
a,x

 

3.02 

±0.26
а,x

 

5.11 

±0.38
c,y

 

4.16 

±0.35
b,x

 

4.68 

±0.40
 b,y

 

4.00 

±0.32
b,x

 

4.87 

±0.33
a,y

 

5.49 

±0.35
a,b,y

 

5.68 

±0.38
b,y

 

5.50 

±0.21
b,y

 

5.61 

±0.13
b,y

 

6.19 

±0.27
a,y

 

6.70 

±0.10
b,z

 

6.60 

±0.10
b,z

 

6.69 

±0.11
b,z

 

6.63 

±0.11
b,z

 

3
1

5
 d

 
-1

8
±

1
 °

C
 

4.31 
±0.01

a,y
 

5.51 
±0.06

d,y
 

5.17 
±0.02

c,y
 

5.20 
±0.04

c,y
 

4.57 
±0.23

b,y
 

4.13 
±0.08

a,y
 

5.72 
±0.06

b,z
 

6.70 
±0.03

 e,z
 

6.39 
±0.26

 d,z
 

6.01 
±0.04

 c,z
 

5.64 
±0.13

a,z
 

5.66 
±0.25

a,y
 

5.60 
±0.06

a,y
 

5.69 
±0.23

a,y
 

5.72 
±0.10

a,y
 

6.11 
±0.23

a,y
 

6.01 
±0.24

a,y
 

6.07 
±0.17

a,y
 

5.99 
±0.20

a,y
 

6.09 
±0.19

a,y
 

a, b, c
  Means in the same row for individual muscle or fat with different superscript letters differ significantly (P≤0.05).  

x, y, z
 Means in the same column for individual muscle or fat with different superscript letters differ significantly (P≤0.05).  
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3.4. рН value. 

No differences were detected between the pH values of LL 

across all experimental groups studied either at  45 min post 

mortem or after 7 d of storage at 2 ± 1°C (Table 5). Similar results 

were also determined for SM. No differences in fat pH at 45 min 

post mortem were detected, though the pH of backfat and leaf fat 

was closer to 7.00 than muscle t issue. Similar results were 

reported by and Bertol et al. [7] after grape pomace 

supplementation of pigs. After long-term frozen  storage, 

differences in pH value of backfat or leaf fat  did not d iffer from 

controls (Table 5). However, compared to 45 min post mortem pH 

values both backfat and leaf fat was lower (P < 0.05). This could 

be explained by the more rapid lipolysis in the triglycerides of 

adipose tissue during frozen storage.  

 After 24 hrs small but statistically distinct (P < 0.05) pH 

values were found in refrigerated muscles stored at 2 ± 1 °C. For 

example, in LL the lowest pH values (P < 0.05) were found in 

muscle of D2 pigs, whereas muscle from D1 and especially R1, 

the pH was higher than controls. One possible reason for rapid 

post-slaughter pH decline occurred  after animal stress, both prior 

to and during processing [47]. However, the largest difference was  

just 0.28 units (Table 5) and was within the pH limits 

recommended by Warriss [48]. Similar results were found in the 

SM. The greatest decrease in SM pH at 24 hrs post mortem was 

detected in D1 and R2 pigs.  

 pH values at 45 min  and 24 hrs of the both exa mined 

muscles do not perform deviat ions due to stress and were within 

the pH limits recommended by Warriss [48]. A ll samples can be 

characterized as normal (RFN - reddish pink, firm and normal 

exudative meat). Th is conclusion is in good agreement with data  

characterizing the meat colour. 

 After 315 days frozen storage pH in five studied LL and 

SM samples were found significantly different (P < 0.05) (Tab le 

5). Compared  to controls pH in  LL of D1 pigs after long time 

frozen (315 d) storage was significantly (P < 0.05) lower. The pH 

in LL samples of D2 group did not differ to controls, whereas pH 

of group R1 was slightly higher (P < 0.05). After 315 days frozen 

storage the pH values in SM of groups D1, D2 and R2 were found 

lower (P < 0.05), compared to the controls while pH of group R1 

was slightly higher (P < 0.05). The pH values of both adipose 

tissue samples for five studied groups stored 24 hrs and 7 days of 

pigs were found significantly different (P < 0.05). The pH in fat 

decreased with 1.2 - 1.3 units during 7 d of co ld storage. After 7 

days cold storage of backfat lowest pH values (P ˂ 0.05) was 

found in D1, R1 and R2 groups. At the same time, pH of D2 

backfat was statistically indistinguishable (P ˃ 0.05) compared to 

the controls. The diffe rence between lowest and highest pH level 

was 2.65% (Table 5). Similar results were found in pH of leaf fat 

(Table 5). After 7 d of co ld storage pH in D1 and R1 groups was 

lower (P ˂ 0.05), whereas in D2 and R2 samples pH was 

statistically indistinguishable (P ˃ 0.05) compared to controls. The 

difference between the lowest and highest pH in co ld stored leaf 

fat was 0.08 units or 1.43% (Table 5). Usually, during the long 

time frozen storage the protein buffer systems desaturate releasing 

hydrogen ions and the content of water-soluble compounds 

increased. As a result pH decreases [49]. On  the other hand, many 

researchers [50] d id not found significant changes in pH or 

established increasing and note that pH changes during long time 

frozen  storage were correlated with  type of the muscle and the 

animals’ breed. Our results confirmed this study by different 

trends established in pH during refrigeration or frozen storage. 

3.5. Colour characteristics. 

Feeding DHQ and DDRP increased (P < 0.05) increased 

the brightness (L *) and yellowness (b *) values and reduced the 

redness (a *) in both refrigerated and frozen storage (Table 6). The 

colour brightness was influenced by the storage period but not on 

the used feed supplement.  

 At 24 hrs post mortem the h ighest (P < 0.05) L * and b * 

values were recorded in the LL of R1 p igs and in the SM of D2 

pigs (Table 6). At the same time, a * values were the highest (P < 

0.05) in  the LL and SM of D2 p igs, respectively. After 7 days 

refrigerated storage, brightness and yellowness increased (P < 

0.05) in  the LL and SM of D1 (Table 6). Neethling et  al. [51] 

attributed the increase of b * values to the increase of 

metmyoglobin in muscle tissue. Our results confirmed previous 

results established that denaturation of globin in the muscle 

pigment, makes myoglobin more susceptible to auto-oxidation 

during chilled or frozen storage residues to changes in the meat 

color [49]. The lower act ivity of metmyoglobin-reducing enzymes, 

reduced redox stability of oxymyoglobin, physical processes 

related water freezing in  the surface layer effects on chilled/frozen 

meat co lour [50] by reducing a * value and increasing colour 

yellowness (b *), too. One possible reason for a slightly decrease 

in a * value in SM and LL from R1 and D1 pigs could be 

increased antioxidant content in the tissues after dietary  feed 

enrichment which would  protect myoglobin from oxidation. 

Similar results were reported [7] after pigs feed enrichment with 

grape pomace. The lowest redness (P < 0.05) in  the SM and LL of 

R2 and D2 p igs (Table 6) showed the importance of feed 

supplement concentration and confirmed previous results 

demonstrated that antioxidant effect  depends on the type and the 

quantity of phytonutrient, and even pro-oxidant effect [1]. 

 After long-term frozen storage, the LL and SM had the 

highest (P < 0.05) L * values in R2 pigs, while b * were the 

greatest in the LL of D1 p igs and the SM of D2 p igs (Table 6). At 

the same time, a * values were the lowest (P < 0.05) the LM of R1 

pigs and SM of D2 pigs. Similar variations in the instrumental 

colour of the LL have been reported for chilled pork [7].   

Differences were noted (P < 0.05) in the color of ad ipose tissue 

compared to the muscle tissue (Table 6). Both the backfat  and leaf 

fat were (P < 0.05) brighter and less (P < 0.05) red. The greatest (P 

< 0.05) decrease in brightness of the backfat and leaf fat was in R2 

pig carcasses after 24 hrs storage at refrigerated temperatures. 

Storage, frozen or refrigerated increased L * values of fat but were 

not affected by antioxidant pig feeding (Table 6). A decrease (P < 

0.05) in redness (a *) and an increase in yellowness (b *) were 

recorded in chilled backfat and leaf fat in all experimental groups 

compared to controls (Table 6). Redness and yellowness were not 

different across treatments for backfat and leaf fat. These results 

indicate that the pigs feed supplementation with antioxidant type 

phytonutrients did not effect on colour characteristics in quick-

frozen backfat and leaf fat (Table 6). 

 In summary, the addit ion of DHQ and DDRP to feed  of 

growing-fattening pigs does not have a major effect on colour 
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characteristics of muscle and adipose tissue during their frozen 

and chilled storage. Changes in the colour characteristics of 

muscle tissue were more pronounced than fats. In backfat  and leaf 

fat the influence of freezing and cooling has a profound effect on 

quality parameters than the addition of the phytonutrient.

 

4. CONCLUSIONS 

This study showed that dietary supplementation of growing 

pigs with DHQ and DDRP results in reduction of primary and 

secondary lip id oxidation products during storage LL and SM 

muscles and adipose samples from backfat and leaf fat depots. 

This most pronounced effect for LL and SM was found after 3.5 

mg DHQ/kg/d and 0.255 g or 0.545 DDRP/kg/d supplement. For 

short term chilled storage both used supplements decreased lipid 

oxidation in adipose tissue. In long term frozen storage greatest 

oxidation stability was observed after feeding low levels of DHQ 

(3.5 mg/kg/d) for muscle t issue and high levels of DHQ (7.5 mg 

DHQ/kg/d) for adipose tissue.  

Both used concentrations of DDRP showed positive effect in 

muscle and adipose tissue oxidative stability after 315 days of 

storage at -18 ± 1 °C.   

 Irrespective of muscle type or adipose tissue depot, dietary 

supplementation of DHQ and DDRP to finishing pigs did  not 

affect the AV of fast-frozen pork after 315 days of storage at -18 ± 

1 °C. After 7 d o f storage at 2 ± 1 °C in chilled muscles and fats 

positive impact against oxidation was found after DDRP and 3.5 

mg DHQ/kg/d supplementation. 

 Despite the higher used concentration of DHQ (7.5 

mg/kg/d) the effect of supplementation on oxidative stability in 

muscle and adipose tissue for short term chilled storage was 

insufficient.  

 Reduction of AV in  backfat  was most pronounced in pigs 

supplemented with 3.5 mg DHQ/kg/d as well as in leaf fat from 

pigs fed 0.255 g DDRP/kg/d.  

DHQ and DDRP feeding slightly influenced the pH of pork but 

did not have major effects on colour characteristics of lean or fat, 

regardless of the type of storage used.  

In summary, we can conclude that the tested concentrations of 

DHQ and DDRP as pigs’ feed supplements show a little impact on 

pH changes of pork. It is most pronounced in the rigor mort is at 24 

hours post mortem. Compared to  controls, the supplements and 

their concentrations differ by the muscle and adipose tissue type.  

Supplementation of pigs with DHQ or DDRP is a promising 

strategy to increase the oxidative stability of lean pork or fat and 

stabilized pork meat colour without deleterious changes of meat 

acidity.
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