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ABSTRACT 

This study aimed to investigate the anti- oxidative  function of catfish collagen hydrolysate in 

beef minced meat samples through 10 days  storage at 4 o C. Collagen hydrolysate were added 

to minced meat sample  at two different concentrations (50 & 100 mg/100gm) . The 

experiment consist from control sample (C without additives) , BHT sample ( B  with 

200ppm  butylated hydroxytoluene ) , collagenase hydrolysate samples  C.C.H1, C.C.H2 

(100&50 mg/100gm minced meat)  respectively, and collagenase-trypsin hydrolysate samples  

C.H.T1 & C.H.T2 respectively (50,100mg/100gm minced meat). Peroxide values (PV), 

thiobarbutyric acid TBA, free fatty acid (FFA) , pH , total volatile nitrogen TVN values and 

total plate count assay at 0., 3, 7., 10 days  were determined  . PV of the BHT, C.C.H2 , C.H.T2, 

C.C.H1, C.H.T1 groups  were significantly (p<0.05) lower than control during storage period 

.Meanwhile C.C.H2 and  C.H.T2 groups gave the  lowest TBA values through the storage 

period . There were no significant difference found between the C.C.H2 , C.H.T2  groups and 

BHT added group in all studied factors. In conclusion, the fish collagen enzymatic 

hydrolysates are a promising natural antioxidant and good alternative for synthetic 

antioxidant. 
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     عباس  وشاكر                                                                                           884-876(:4 (52: 2021-مجلة العلوم الزراعية العراقية 

 لمتحللات الانزيمية لكولاجين السمكلتقييم الفعالية المضادة للاكسدة 
            خالدة عبد الرحمن شاكر                                                        ايات عدنان عباس                               

 جامعة بغداد/ كلية علوم الهندسة الزراعية      جامعة النهرين/مركز بحوث التقنيات الاحيائية                              
 المستخلص

أيام  10في نماذج اللحم المثروم خلال مدة خزن تهدف الدراسة الى تقدير الفعالية المضادة للأكسدة لمتحللات كولاجين جلد سمك الجري 
غم لحم مثروم(.  0/100ملغم 100و50م. اضيفت المتحللات الكولاجينية لنماذج اللحم المثروم بتركيزين مختلفين )o 4وعلى درجة حرارة 

 , C.C.H1مليون( , والعيناتبنسبة جزء بالB 200)BHTبدون أضافة(, والعينة المضاف اليها الـ  Cتتضمنت التجربة عينة السيطرة )
C. C. H2 ( غم لحم مثروم( على التوالي من متحللات الكولاجين )المحضرة باستعمال الكولاجينييز 100ملغم/ 100و50المضافة اليها( 

والتربسين(بنفس التراكيز  (المضاف اليها متحللات الكولاجين ) المحضرة باستعمال الكولاجينييز C.H.T1 & C.H.T2, و النماذج  )    
, الاحماض الدهنية الحرة , الرقم الهيدروجيني, النتروجين الكلي TBA المشار اليها اعلاه على التوالي. قدرت  قيمة البيروكسيد , 

 ,BHTبقيمة البيروكسيد لمجاميع    (p<0.05)يوم . لوحظ انخفاض معنوي 10,7,3,0المتطايرو العدد الكلي للبكتيريا وللفترات 
C.C.H2 , C.H.T2, C.C.H1, C.H.T1   مقارنة بعينة السيطرة خلال مدة الخزن. كما شهدت المجاميعC.C.H2  و  C.H.T2 

في كل العوامل    BHT وC.C.H2 ,  C.H.T2خلال فترة الخزن. ولم يلاحظ فروقات معنوية بين مجاميع   TBAانخفاضا في قيم  
كولاجين السمك الانزيمية تعد مضادات اكسدة طبيعية واعدة  وبديل جيد عن المضادات  . نستنتج مما ورد ان متحللاتالمدروسة
 الصناعية.

  .الكلمات المفتاحية: الجلد, اللحم المثروم , الرقم البيروكسيدي ,الاحماض الدهنية الحرة, النتروجين الكلي المتطاير
.جزء من اطروحة دكتوراه للباحث الاول*  
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INTRODUCTION   

Fish processing wastes are a promising source 

for collagen. The latter is the most abundant 

protein constitute about 30% of total protein in 

animal tissue. The word collagen is derived 

from Greek word Kolla (glu) and genos 

(formation). It is well known that most of 

collagen is derived from Pig &Cow skins. 

Collagen has a wide application in biomedical 

and pharmaceutical application. Additionally, 

gelatin, partially hydrolyzed form of collagen 

found wide application in food & packaging 

industries for light sensitive coating (30). 

Because of the outbreak of certain animal 

disease, the use of collagen derived from Cow 

& Pig skin have faced restriction. Moreover, 

many people around the world don't accept 

animal based product because of religious 

reason, Muslim and Jews do not consume Pig 

related food (21) .Therefore fish collagen is 

the best alternative since it has a higher 

biological value, high essential amino acid 

content and low hydroxyproline content as 

compared to animal collagen.   Fish processing 

by product such as skin, bone, scales & fins 

are the promising sources as well as 

underutilized fish species of collagen. Sudeepa 

et al.( 34) stated that India generates more than 

2 million metric tons of waste every years , 

while. Shahidi (31) mentioned previously, the 

processing discards from fisheries for about 

70-85% of the total weight of catch, these 

waste generally dumped in-land or hauled into 

ocean, so pose environmental problems for 

seafood processing.  During the processing 

and filleting of fish, the skin constitutes a 

fairly large potential source of collagen, hence 

researchers focus on alternative sources of 

collagen which are marine sources (17, 42). 

Enzymatic hydrolysis of the proteins is a way 

of bioactive peptide production from marine 

products (14).  Some researches about the 

usage of different protein hydrolysates from 

marine products focused on their potential 

antioxidant activities in food systems 

(19). Some synthetic antioxidants like 

butylated hydroxytoluene (BHT) and butylated 

hydroxyanisole (BHA) have long been used in 

the food industry for retarding or inhibiting the 

lipid oxidation (20). Their instability, and 

because of a suspected action as promoters of 

carcinogenesis, usually the consumer avoid to 

purchase products produced by synthetic 

additives and prefer foods with natural 

additives (24).  The aim of the current study is 

to evaluate the antioxidant functionality of fish 

skin collagen hydrolysate as natural additives 

in minced meat (obtained from local butcher 

shops in Baghdad) over storage time at 4C by 

determining the peroxide value (PV), 

thiobarbutyric acid (TBA) , free fatty acid 

(FFA) ,pH, total volatile nitrogen (TVN) . 

MATERIALS AND METHODS 
Minced beef from the leg muscle of a  calf, 

age one and half year old, beside     fat  were 

purchased from local market in Baghdad, and 

transferred to the laboratory in an  

icebox  then, minced  using  mincing   device 

(Gosonic,  China 1800 w Max) . mixed 1.800 

g  with 200 g fat The minced meat and  fat 

samples were mixed very well and divided in 

to six portions (100  g each) in duplicate. For 

control group (C) without any additives 

comparison groups(A) with 200 ppm BHT , 

collagenase - collagen hydrolysate group 

(C.C.H1, C.C.H2) with 50mg  and 

100mg  respectively and trypsin – collagenase 

collagen hydrolysate group (C.H.T1 , 

C.H.T2)  with 50mg  and 100mg  respectively. 

Preparation of skin collagen 
Fish collagen was extracted from catfish 

(Silurus triostegus ) waste. the skin cut with a 

pair of scissors into small pieces of about 0.5 

cm in length according to (7) method. In order 

to remove the non-collagenous proteins, the 

skin of catfish was mixed separately with 

0.1M NaOH at a solid to alkali solution ratio 

of 1:8 (w/v), and stirred continuously  for 6 h 

at 4 
o
 C. The alkali solution was changed every 

3 h., then the skin defatted by soaking in 10% 

n- butane (overnight). Skin was washed with 

cold water until neutral pH Then soaked in 

1.5% acetic acid with a solid to solvent ratio of 

1:2 (w/v) for 72 h., followed by pepsin-

assisted extraction for collagen using pepsin 

(0.1%) for 3 days at 4
˚
 C with slow agitation. 

Collagen hydrolysate preparation 
Skin collagen hydrolysate was 

prepared  according to Zhang (40) method, in 

three separate flasks the skin collagen ( 0.02 

%) dissolved in 100 ml  phosphate buffer ( 

10mM pH 7.8) at 37 ˚ C ,  collagenase (1%) 

was added to one flask and left for 30 min, and 

collagenase +trypsin (1%) were added  to 
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another flask   and held for 90 min.at ( 37 ˚ 

C)  , after that the hydrolysis process was 

stopped by raising the temperature to 90 ˚ C 

for 10 min., cooled to 5˚ C , centrifuged at 

5000 xg for 30 min. The supernatant was 

concentrated by rotary evaporator. lyophilized 

and kept in tied container at -18 ˚ C. samples 

of minced meat were prepared in four groups, 

first group represent the control sample, the 2
nd

 

group mixed with BHT added at (200 ppm), 

the 3
rd

 group contained collagenase- assisted 

hydrolysate in two concentrations (50 & 100 

mg/100 g), and the last group was minced 

meat sample with the above mentioned 

concentration of collagenase-trypsin assisted 

collagen hydrolysate. Each group (100 g 

)  mixed by hand for 10 minutes. and rounded, 

then placed in plastic bags, sealed and stored 

at 4±1°C for 10days.  pH, Peroxide value ( 

PV) , TBA, FFA,TVN and TPC  tests were 

done  after (0, 3, 7, 10 day). The experiment 

was designed with two replicates. 

pH measurement 
Five grams of sample were homogenized with 

20 ml distilled water in a blender for 30 s then 

filtered. The pH value of the filtrate was 

determined using a digital pH meter 

standardized at pH 4 and 7 (28). 

Fat content 
According to the soxhlet extraction   method 

of AOAC international (6). The percentage of 

fat in the sample was calculated using the 

following equation: 

% Fat = Post extraction Flask Wt. (g) – Pre 

extraction Flask Wt. (g) / Wet Sample Wt. (g) 

x 100   

Peroxide value determination 

The modified International Dairy Federation 

(IDF) standard method was used to determine 

the peroxide values of all samples. The lipid 

samples (< 0.01- 0.3)  g was extracted 

according to (32) . The peroxide value (PV) 

was determined according to Sallam et.al 

method  (27) . PV was calculated by the 

following equation and expressed as milli- 

equivalent peroxide per kilogram of sample: 

PV (mEq / kg) = (V × N) / W × 1000 

Where 

V: volume of titration (ml),  

N:  normality of sodium thiosulfate solution 

(N 0.01)   

W:  sample weight (g). 

Thiobarbutyric acid value  (TBA): The TBA 

values were determined according to  Witte et 

al., method (39)  and  expressed as mg 

malonaldehyde per kg meat, which was 

calculated as follows. 

TBA value (mg MDA/kg meat) = 50 x [abs. 

sample – abs. blank] / ( g) of sample . 

Free fatty acid value  
Free fatty acid (FFA) value was determined 

according to Rukunudin et al. method  (24). 

The FFA value was calculated using the 

following equation: 

FFA (%) = (mL titration of KOH × Normality 

KOH × 28.2) / (g) of sample 

Determination of total volatile nitrogen 

(TVN):  This experiment was conducted 

according to the procedure adopted by FAO 

(11) and the TVN calculated as follow:  

TVN mg/100 g= 26088(2 - t1).  

Where: (t1) volume of NaOH used in titration 

Microbiological analysis:  Total plate count 

(TPC) examination was carried out according 

to (2). 

Serial dilution: This step carried out 

according to ISO (13) . Dilution of (10
-1

, 10
-3

, 

10
-5

, and 10
-7

   ) were used for TPC assay.  

Statistical analysis  
The program of Statistical Analysis System 

SAS (29) was employed to perform the 

different factors in investigation parameters. 

The LSD (least significant difference) test has 

been employed to significant compare within 

the means of this investigation 

RESULTS AND DISCUSSION 

pH value:  The changes in pH values of the 

control and treated  samples under storage at 

4±1°C for 0, 3, 7, and 10 days are represented 

in table 1 . It has been seen that the pH of 

samples declined significantly (p≤0.05) during 

the storage period.  
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Table 1. Effect of collagen hydrolysates on 

pH of beef minced meat samples  during 

storage period at 4±1°C 

control (C), collagenase hydrolysed collagen (50 & 

100 mg/100 g meat )  (C.C.H1, C.C.H2) , collagenase -

trypsin hydrolyzed collagen  (C. H. T1, C.H.T2)  . 

* (P≤0.05). 

The pH values at the beginning of the storage 

for the sample under study ranged from 6-6.2 

while by the end of storage period ranged from 

5.4-5.9 . The decreases in experimental 

samples pH values significantly different as 

compared to control   , while the differences 

between the BHT treatment and the collagen 

hydro lysate added samples were in significant 

P≤0.05 . In another word the effect of 

experimental hydrolysate on minced meat 

samples pH values   were comparable to the 

BHT. The increase or decrease of meat pH 

values could   influences the rate of oxidation 

as well as the microbial shelf life and drip loss 

and vice versa (23 ). This result might be due 

to loss of minerals and small protein 

compounds as exudates from beef samples, 

causing ionic imbalance in the beef muscle 

which resulted in a decreased pH (36). The pH 

value also might be decreased in the current 

study due to increase in glycolysis with 

phosphorylase activation (8). Additionally, 

such decline in pH might be due to the action 

of psychrophilic bacteria which ferment the 

carbohydrate present in the ingredients used in 

the formulation of the product.  

Peroxide value PV 
Table 2 summarize the results of PV for the 

experimental samples and the control samples 

besides the comparison sample (BHT added at 

200 ppm) . 

 

 

 

Table 2. Peroxide value (PV) (mEq 

/Kg for beef minced meat samples during 

storage period at 4
 
±1°C. 

control (C), collagenase hydrolysed collagen (50 & 

100 mg/100 g meat)  (C.C.H1, C.C.H.2) , collagenase 

trypsin hydrolyzed collagen  (C. H. T1, C.H.T2)  . * 

(P≤0.05). 

In general, peroxide values significantly higher 

in the control sample than in the other samples 

through storage time , Although peroxide 

values increased with increasing storage time 

in all samples, the most potent antioxidant 

(i.e., the treatments  that recorded the lowest 

peroxide values) were C.C.T2 .C. C. H 2 ,C.H. 

T1 , C.C.H1. as compared to BHT sample. BHT 

and C.C.H2, C.H.T 2 groups were found to 

show a significantly (p≤0.05) lower value than 

the other groups. Sudeepa et al. (34), reported 

that the amino acids which have active side 

chains (sulfhydryl, thioether, amino group, 

imidazole, and indole ring) are sensitive to the 

oxidation due to the oxidizing lipids. 

Especially cysteine, methionine, lysine, 

arginine, histidine and tryptophan residues and 

also valine serine and proline are common 

targets of reactive oxygen species (15).  

Thiobarbituric acid (TBA) 

 Changes in values of thiobarbituric acid 

(TBA) of control and treated beef minced meat 

samples during storage at 4
 o

 
 
C for 10 days are 

given in table 3. The results showed that the 

antioxidant concentration and storage period 

had significant effects on TBA values * 

(P≤0.05). During storage at 4
 
±1°C, TBA 

values in control samples started to increase 

from 0.22 (day 0) to 0.915 (day 7) and 

increased rapidly after10 days of storage at 4
 

±1°C to reach 2.02 mg malonaldehyde 

(MDA)/ kg meat. While, samples of beef 

minced meat treated with 50 mg collagen 

hydrolysate (C.C.H1) had lower TBA values 

(0.2 and 0.65 mg/ MDA/kg  meat) for 0 and 7 

days respectively, followed by BHT treatment, 

Treatment pH LSD 

value Storage period ( day) 

0 3 7 10 

Control         6.0         5.8     5.7        5.4             0.581* 

BHT            6.2        6.1       6.0         5.9          0.358 NS 

C.C.H1             6.1          5.9       5.7         5.6            0.495* 

C.C.H2       6.0        5.9        5.8         5.7           0.366 NS 

C.H.T1        6.0        5.9         5.8         5.7          0.366 NS 

C.H.T2         6.1       6.0        5.9        5.8            0.372 NS 

LSD  

Value         0.461    0.409      0.387     0.437             ----- 

                      NS        NS           NS           NS 

Treatment PV (mEq /Kg) LSD 

value Storage period ( day) 

0 3 7 10 

Control        0.42     9.67    17.99       34.80    4.662*  

BHT            0.35       2.83    9.33        16.66    3.271*  

C.C.H1              0.30         6.30    12.82      25.47    4.392* 

C.C.H2         0.33      3.66    11.01      20.00     4.152*  

C.H.T1          0.30       5.0     12.31      24.25    5.138 * 

C.H.T2         0.30       3.33     10.16      19.93    4.509*  

LSD             0.166    2.371    2.703*    4.632 *    ----- 

Value             NS            

about:blank


Iraqi Journal of Agricultural Sciences –2021:52(4):876-884                                              Abbas & Shakir 

880 

which were 0.95 mg MDA/kg, after 10 days of 

storage. The increase in   TBA values  in all 

treatments  for the period of cold storage 

attributed to  the lipid oxidation. Treatments 

with 100 mg of collagen hydrolysate (C.C.H2  , 

C. H .T2) were superior in retarding oxidative 

process in  meat samples , since  these two 

treatments  were kept  TBA values  within the 

consumption level ( >  2 mg MDA/kg meat) 

after 10 days of cold storage. Raharjo, & Sofos 

(22) mentioned that the values of TBA are an 

indicator of lipid oxidation in meat products 

during storag. Verme & Sahoo (35) indicated 

that if the TBA value increased to more than 2 

mg MDA/kg meat, the meat considers as low 

quality(rejected). The control samples 

and treatment C.C.H1 gave TBA value more 

than 2 mg MDA/kg beef minced meat after 10 

days  storage. This result may be attributed to 

the amount of hydroxyl groups within the 

structures of antioxidants agent present in 

hydrolysate mainly hydroxyl cycle in amino 

acids such as proline ,hydroxyproline. It is 

assumed that inhibition of lipid oxidation and 

hydrogen donor ability is enhanced with the 

increasing amount of hydroxyl groups 

.  According to (8) , which recommended that 

TBA of fresh meat should not exceed 0.9 

mg/Kg, all the examined meat samples were 

accepted and fit for consumption where their 

TBA contents did not exceed this accepted 

limit .It is of great importance to mention that 

TBA values could be a useful quality index for 

the assessment of rancidity during the storage 

of lipid rich food. Wilson (38) mentioned that 

when the ratio of fat content increased in meat, 

the TBA value will be increased indicating 

probable lipids oxidation. Generally, TBA 

value is routinely used as index of lipid 

oxidation in meat and its products and the 

rancid flavor is initially detected in meat when 

TBA values lies between 0.5 and 2.0 mg/Kg 

(12). 

 

 

 

 

 

 

 

 

Table 3.  Effect of fish skin collagen 

hydrolysate addition on thiobarbutric  acid 

values  of beef minced meat samples during 

storage period  at 4
 
±1°C 

control (C), hydrolysed collagen with collagenase (50 

& 100 mg/100 g meat   (C.C.H.1, C.C.H.2) and with 

added collagenase-trypsin hydrolyzed collagen  (C. 

H. T1,.C.H.T2)  

Free fatty acids (FFA)  

The results of enzymatic and non-enzymatic 

lipid hydrolysis usually use as lipid quality 

indicator. Table 4 illustrate the formation of 

FFA in experimental samples during storage 

period, the storage time and the added collagen 

hydrolysate concentrates were significantly 

reduced the FFA% formation as compared to 

control sample . FFA% for the samples under 

study ranged from 0.160- 1.72 at the sample 

preparation time and increased to be ranged 

0.68- 1.79% by the end of the storage period 

(10 days). As the results of PV and TBA test 

the C.C.H2 ,C.H.T2 treatments were more 

effective in reducing FFA formation than the 

others .The FFA% for BHT treatment was 

0.68% and for C.C.H2 ,C.H.T2 were ( 0.76 & 

0.70% )  respectively  . Hence these treatments 

could be good natural alternative for synthetic 

antioxidant agent.   Barthet et al (4) stated 

, FFA formation often occurs as a result of 

catalysis by endogenous enzymes.   Whittle 

(37)  observed that low temperature (4 ˚C) in 

combination with α-tocopherol acetate 

solutions could not stop lipid hydrolysis. 

Published reports on the effect of collagen 

hydrolysate on the FFA formation in fish are 

limited and this aspect needs further 

investigation. Sikorski et al (33) mentioned 

that despite the negative effect of FFA on 

protein solubility and texture deterioration, the 

formation of FFA itself does not lead to 

nutritional losses. The results of this study 

were similar to many published researches 

Treatment TBA (mg MDA/Kg meat) LSD 

value Storage period ( day) 

0 3 7 10 

Control    0.22     0.63        0.915      2.02       0.416*             

BHT            0.21        0.26        0.48         0.95           0.286*  

C.C.H1             0.20          0.47       0.65         1.48            0.337* 

C.C.H2       0.19        0.31        0.63         1.13               0.301*  

C.H.T1        0.18        0.45         0.71         1.54             0.379*  

C.H.T2         0.20       0.30        0.55        1.15              0.305*  

LSD  

Value         0.077    0.187*      0.282     0.297*             ----- 

                      NS                   NS           NS 
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result (3,  5 , 16) and 18) in various meat 

products . 

Table 4. Effect of Collagen Hydrolysates 

on Free fatty acid (FFA) %  of beef minced 

meat samples during storage period (0,  3 ,7, 

10 days ) at 4
 
±1°C 

control ( C ), collagen hydrolysate with collagenase –

(50 & 100 mg/100 gmeat)  (C.C.H.1, C.C.H.2) and 

samples with collagenase- trypsin collagen 

hydrolysate  (C. H. T 1 ,.C.H .T2) . 

* (P≤0.05). 

The total volatile nitrogen ( TNV) 
The TNV amount is one of quality indicators 

for meat deterioration and spoilage of meat 

during storage period (Fan, 10). Table (5) 

shows the TVN value (mg N/ 100 g) in the 

minced meat samples. The results showed that 

collagen hydrolysates concentration and 

storage period had significant effects on TVN 

values (P<0.05).  For control samples the TNV 

values were increased from 1.13 (0 day) to 

22.14 (10th day) and it is significantly higher 

than the other treatments. The TVN values for 

the samples with collagen hydrolysates 

recorded lower values in comparison to control 

and higher than BHT treatment. In general,at 

the day 7
th

, all examined minced  meat 

samples TVN  values were not more than 20 

mg % , which means they all accepted and fit 

for use where their TVN contents did not 

exceed the accepted limit (8).  Table 5 also 

illustrate that at the end of the storage period 

(10 day), minced meat samples treated with 50 

mg and 100 mg collagen hydrolysates were 

recorded high TVN values, which were 21.28, 

19.76 mg N/ 100 g for C.C.H1, 

C.C.H2   and 21.62, 20.90 mg N/ 100 g for 

C.H.T1 ,C.H.T 2 respectively. This may be 

attributed to the degradation of protein as a 

result of the activity of proteolytic enzymes 

and the microbial content that contribute in 

accumulation of free nitrogen groups that 

might lead to higher TVN values (26). 

Table 5 . Effect of Collagen Hydro lysates 

on total Volatile Nitrogen for beef minced 

meat samples during storage period at 4
o 

C. 

control ( C ), hydrolyzed collagen with collagenase 

(50 & 100 mg/100 g meat )  (C.C.H.1, C.C.H.2) and 

with added collagenase - trypsin hydrolyzed 

collagen  (C.H .T 1, C.H .T2).* (P≤0.05). 

Total plate count: Table 4 shows the effect of 

different concentrations of  fish collagen 

hydrolysate and synthetic antioxidant (BHT) 

on total plate count (TPC), of  beef minced 

meat stored at 4
o  

C for 10 days. Results 

indicated that microbial counts increased  with 

time during the storage period. At at the 

beginning of the storage total plate count 

(TPC) of the meat samples ranged from 30 

X10 
-7

 to   37x10 
-7

 and increased to 181 x 10 
-

7   
 to 211 X 10 

-7   
 after 7 days storage . It has 

been noticed a remarkable increase in total 

count, it reached to Too Numerous To 

Count (TNTC) after 10 days storage. This 

indicates that the experimental collagen 

hydrolysates had no antibacterial function 

toward Gram-positive and Gram-negative 

bacteria. ( 1) the result reported that the  

antibacterial activity of black-barred halfbeak 

gelatin and its hydrolysate was evaluated 

against three Gram negative (Klebsiella 

pneumonia, Salmonella enterica, and 

Salmonella typhi) and three Gram positive 

(Micrococcus   luteus, Staphylococcus aureus, 

andBacillus cereus) bacteria, Black-barred 

halfbeak gelatin at 10 mg/mL exhibited a 

slight inhibitory activity against Gram positive 

M. luteus and B. cereus, with inhibitor 

diameter zones of 6.5mm and 7.0mm, 

respectively. Increasing concentration from 10 

to 25mg/mL slightly increased activity with 

inhibition zone diameter reaching 8.5mm and 

9.0mm against M. luteus and B. cereus, 

respectively.  

 

Treatment TVN  (mg N/100g meat) LSD 

value Storage period ( day) 

0 3 7 10 

Control      1.13      3.32     9.20    22.14       3.281* 

BHT          1.11     3.50      8.41      20.73      2.668              

C.C.H1         1.06     4.50       9.65      21.28     2.504*                               

C.C.H2     1.12       3.99      8.02      19.76    2.153* 

C.H.T1       1.10     4.87       7.38       21.62   2.709* 

C.H.T2       1.11    4.21      6.60      20. 90   2.336*     

LSD          0.387     1.792    2.772* 2.062     ---- 

Value 

Treatment Free fatty acids                      

FFA % 

LSD 

value 

Storage period ( day) 

0 3 7 10 

Control        0.166     0.443      0.77    1.79            0.363* 

BHT             0.169    0.188       0.45     0.68         0.259*         

C.C.H1               0.170    0.29        0.61      0.91          0.341* 

C.C.H2         0.160    0.23         0.52      0.76         0.217* 

C.H.T1          0.172      0.26       0.57      0.85        0.255* 

C.H.T2          0.171      0.19       0.48      0.70       0.269* 

LSDValue     0.033     0.115*    0.142     0.277*   ----- 

                      NS                   NS           NS 

https://scialert.net/fulltextmobile/?doi=ijmeat.2014.1.14#549460_ja
https://scialert.net/fulltextmobile/?doi=ijmeat.2014.1.14#549598_ja
https://scialert.net/fulltextmobile/?doi=ijmeat.2014.1.14#1275852_ja
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Table 6. Total Plate Count (TPC)  for beef 

minced meat samples during storage period 

at 4
o 

C 

control ( C ), hydrolyzed collagen with collagenase 

(50 & 100 mg/100 g meat  (C.H.1, C.H.2) , 

collagenase - trypsin hydrolyzed collagen  (C. H. T1, 

C.H. T2). * (P≤0.05). 

TNTC: Too Numerous To Count (TNTC) or 

Too Many To Counts (TMTC) In samples 

with very high bacterial concentration, that is 

not suitable for counting (unable to get 

accurate counts) . 
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