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■N-S-i l f  v o la t i le  f a t t y  ac ids  In  model m o rtad e lla  type  sausage m anufactured  
Sŝ § t l tu t io n  o f meat tis s u e  by soya g r i t s .

^  »K.FESTER., H.NAJWER 
jy o f Pood Storage and TEohnology,Department o f Animal O r ig in  Food Products Techno- 
’^ I ' ic u l tu r a l  Academy,Wroclaw,Poland.

JiS tion
® ° f  veg etab le  o r ig in  meat s u b s titu te s  used by meat in d u s try  g r e a t ly  d i f f e r  in  t h e i r  

- jj>?°mP o s itio n  m ain ly  reg ard in g  the  contents o f p r o t e in , f a t  and carbohydrates.Soya f l o -  
V s o i 311(1 te x tu ra te s  manufactured from them are  carbohydrates r ic h  meat extenders con- 
h^O/ t 1b mono 831(1 o lig o s a c c h a rid e s ,p o lic a rb o h y d ra te s  and p ro te in -ca rb o h yd ra tes  comple- 
■5 ' * using soya f lo u r  or g r i t s  which co n ta in  approx.34 p ercen t o f  carbohydrates as com- 

saUsage m ixture,m uch a t te n t io n  is  re q u ire d  to  t h e ir  behaviour in  f i n a l  products  
such as fe rm en ta tio n ,w h ich  th ey  may p o t e n t ia l ly  undergo during  processing and 

-bog Y during storage and d is t r ib u t io n ;
in d ic a tin g  presence o f  v o la t i l e  f a t t y  ac ids o r ig in a te d  from many sources in  scalded 

<dsn'ed sausage has been re p o rte d  by se v e ra l a u th o r s ./1 , 3 , 4 , 8 , 2 , 5 / .
-ts Paper we re p o r t  a study on in flu e n c e  o f th e  0 ,1 5  and 25 p ercen t s u b s t itu t io n  o f

by soya g r i t s  in  model m o rta d e lla  type sausage on the co ntent o f v o la t i le  f a t t y  
during s e v e ra l steps in to  te c h n o lo g ic a l process and up to  72 hours o f f i n a l  p ro -

S * “ 4 c-
- J- o n _ o f  n 0 d e i  sausage.

'V ^ t a d e l l a  type  sausage was m anufactured in  la b o ra to ry  scale.Com postion o f c o n tro l  
i^usage m ixture  was as fo llo w s :  
i ean b e e f meatn't i oeei meax 

‘,'-1 ^ P ° r k  meat 
j F jP°Pk back f a t / l a r d /  
^5 re la t lo n  to  meat

in
Y  pawrea la t io n  to  a l l
S  / l mate r i a l

■̂1 ^ * P p e r / in  r e la t io n

37.5%
37.5%
25;5%
30.0%
0.02%
2.5%

0.1%
6 b s ii011 ° i  meat t is s u e  in  sausage m ixture  by soya g r i t s  a t  a le v e l  o f  0 ,1 5  and 25% we- 
^ÎOrTf aquations suggested by Tyszk iew icz  /1 1 /  and acco rd ing ly  exp erim enta l m ixtures  

ed as shown in  Table 1 .

Table 1 -  Composition o f model sausage m ixture

in  gramme sa L e v e l o f meat tis s u e  s u b s t itu t io n  /% /

\  ¡¡>6at
5®at

X^og^at /lard/
V  Of 5 31-by added w ater
V  Of ¿®at tis s u e  s u b s titu te d  
X" Of “aat s u b s t itu te  used/ soya g r i t s /

or s u b s t itu te  h y d ra tio n
' v ^ f^ ^ a ^ ie n ts  as p e r c o n tro l batch  o f sausage in  p e rc e n t. 

'  ■'aSd_ sampling procedure

'.C o^Îbure

0 15 25

750 637 .5 562 .5
750 637 .5 562;5
500 500 .0 500 .0
450 382 .5 337; 5

- 225 .0 375 .0
- 94; 5 157 .5
- 123 .0 205 .5

wa-
waa uxxcu j.w  iu  m iu. mi i-uuw tem perature and th en  th e  ready product 

°f tjQrt ^ed aud s tored  f o r  up to  72 h rs . a t  4 C .Three separate  re p lic a t io n s  each o f 3 
rs '  d e l m o rta d e lla  type sausage were m anufactured .C ontro l and exp erim enta l batches  
: te fv8e were processed s im ultaneously  i . e .  from the same raw m a te r ia l .A t  d i f f e r e n t
i v  Pi>6_n?1°g 1-cal  process i . e  a f t e r  com pletion o f  sausage m ixtu re  p re p a r a t io n ,a f te r  sea 

^ b i l l in g  and a f t e r  r e f r ig e r a te d  storage a t  4 C fo r  2 4 ,4 8  and 72 h rs . samples we 
V  % J » p p a r t  from sausage m ix tu re , a f t e r  removing the  casing , th e y  were ground 3 tim es  

W i y  mea't g r in d e r ,w e ll mixed and the m ixture used im m ediately  fo r  a n a ly s is .

lY  analysed / i n  d e l i c a t e /  fo r  d ry  m atte r and f a f  fre e  dry  m atte r,c ru d e  p ro te in  
to a °d /,c ru d e  f a t  /e t h e r  e x t r a c t / ,a s h  content a f t e r  burning  th e  sample a t  550°C 

f®?®hdard methods.Amount o f carbohydrates was c a lc u la te d  from  d iffe re n c e  a c c o r-  
owing equation :

Percent o f  catbohydrates ■ 100 -  /% p ro te in  + % fat + %water + %ash/
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_Quantitative determination of_the_sum_and_seleoted individual_steam-volatile fattjr aci^S ' \

„ QC
Isolation,separation and determination of the sum and volatile fatty acids /VFA/ were 

plished by the methods described in selected sources /4,6,9/ by compilation of suggeste^-tr 
cedures.A 40g sample was homogenized with 40ml.of 80% ethyl alcohol.The homogenate was £ ̂ ti­
red on a Buchner filter under vacuum and tta» residue with filter paper again homogeniz®“ p

or

more i.e.altogether 4 times.The residue on a filter was washed with 80% ethyl alcohol» in
1 200ml.of the extract was collected. desVf
VFA were isolated by steam-destillation.100ml.of alcoholic extract was transferred water k

¡ti'

llation flask of Parhas-Wagner apparatus and 5ml„of conc.H?S0, was added than distillej;fl 0f _ 
to make the total volume of 150ml.and 450ml.of condensate was^colleCollected.The total vol^®® s’**-»rtl 4,« 4.«  ̂«4-4 yna-he ** .frt'collected distillate was neutralized by titration with 0.1N NaCH in order to estimate^; 0 '
of VFA expressd thereafter as acetic acid.The collected 450ml.of alkaline distillaPe,T,jg 
der reduced pressure evaporated to dryness in a rotary evaporator at 45°G.The dry sodl gfe:r 
Its of volatile fatty acids were dissolved in several small portions of acetone and g tf1®
red in stages to test tube and acetone was evaporated to dryness at 45 C.Dry residue « i 
dissolved in 0*1 ml* of aoRtonp ami the rPRiiltimr solution was aeldifled hv addtne 0». j-ojy

free VFA dissolved in acetone were quantitavely determined using PYE UNICAM-104 Sas'SngG5 
graph.The following analytical conditions were observed:glass column length 3.2m. 10'“WL«»te!.Chromosorb W AWDMCS, 80/100 mesh, flame-ionazing detector, carrier gas - nitrogen,floÿ rtnieO' 
50ml/min.,chart speed:5mm/min..attenuation:2x10“ ,20x10“ u ,column temperatur:160 C,1‘“aic
tion volume:1nl.Quantitation was carried out by comparison of sample peak hights ’ pj.cî' 
hights of standard mixture olso subjected to steam distillation and on the basis of wn 
standard curve was prepared^

v  « ‘.it. —— — — —— M U 1W  ——— — w W *  V U *  w  v / l  i-j u x  U  _/VJp/X V* fcj IJV» U  -X-XX I W g X  X X*/l X CXJ. C  ^  0  I f I 0  “  f * +  p J

respectively.During processing and particularly during storage in all three batches °
ge the amount of carbohydrates decreased and when calculated in 10OgFFDM in batch
meat substitution,the level of carbohydrates,in relation to the amount in sausage ¿t>se\.

therefore be considered as not indifferent from palatability point of view b e c a u s e  d e > 5
tial undesirable acidification of the sort of sausage manufactured i.e.usually not 
ting strong acidity.Jig owuiis . pi

The highest initial amount of the sum of VFA expressed as acetic acid was detects v  
sage mix of control batch.The observed picture has changed after 72 hrs. of storag® Sut>stl
determined quantity of VFA was biggest in sausage manufactured with 25% meat tissu®. pgtd'kg 
tion by soya grits and amounted to 157.78 mg of acetic acid/lOOFFDM while in controX j.gr! 
and with 15% substitution 118.78 and 138.82rag/100gFFDM respectively,although the di .
found are statistically not significant,Table 4 and 5. gh° gj,d

As can be seen from Table 3 acetic acid is the main product of fermentation and 11 ^1° 
be considered as the main contributor to the sum of volatile acids.The amount of a°,v gig*
ficant in relation to the initial quantity.In sausage
substitution the level of acetic acid increased significantly between 48 and 72
ge and indicated intensification of fermentation processes.As can be seen from ?gr alD+a 0
■f r> T f l h l p  ^  n +•>!<=>r* Hp*hor»rn1 rw=»H v n l  a+.i 1 p  fa 'h + '.v ’ ar».1 H c a r n  tyt»o  oonf in i n r n r r m f l r î i h l xr SID&J"*' *-aS*-rioLin Table 3 other determined volatile fatty acids are present in incomparably SIDattg~ 
in relation to acetic acid and it seems that their organoleptic contribution to tn
uuu oixgjt. x o ixu i/ toxgiixx xv uxi v f vv vumuv vvxxijxuv x xiig, v/x av/C i»xv aoxu/ i vug ux j,v/'

meat substitution by soya grits after 72 hrs.of storage as a 100%,the amount of Pigtail® 
acid accounts for only 5i5%,butyric 4.05%,valeric 1i8% and caproic 1,45%.However,a 
dies on this effect are required.
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dissolved in 0.1 ml. of acetone and the resulting solution was acidified by adding 
conc.orthophosphoric acid in order to release fatty acids and the test tube was immedi 
stoppered and swirled for 2-3 min.After sedimentation of orthophosphorio sodium salt ""r0®a^

\

o h # ? *  \

Results and discussion. ^
Chemical composition changes between batches of model sausage in selected phases ®fdi J

turing and during storage are shown in Table 2.Refering to fermentation no signiffi^-peS ? 
rences in the content of carbohydrates was found between control and experimental 
sausage although the amount of carbohydrates expressed in 100gFFDM are 5 . 7 2 , 7 . 2 4 , and ggtf5 /

ased significantly after 24 hrs.of storage and with 15% substitution after 48 brs.® fflper^ 
tion indicates that the carbohydrates undergo quite intensive fermentation even the x ■
ture of storage was far bellow the optimal required for bacterial activity. . e gt)®̂
The amount of carbohydrates broght into sausage mix with soya grits as meat substitt* pot® #4-V. nviA'fftMn V«« A 4 4 c o A+ 4 ia /4 4 -f* •f' -P-MAiin v» n 1 nVi 4 11 4-t r nn4*»4- «4* »»4 ViaaQ11S6 w  S

determined after 72 hrs. of storage In all three batches of sausage was statistical
usage manufactured with 15 and 25 P 0f S” &&

sausage is not significant,because considering 20mg of acetic acid/100g of sausage^ ¿ f t
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Table 2 -  Com position o f model m o rta d e lle  type sausage

P ercent o f meat tis s u e  s u b s t itu t io n  by soya g r i t s

0 15 25
a

Phases o f m anufactu ring  process and d u ra tio n  o f s to rage

r

h  t e r *

I I I I I I IV V .1 I I I I I IV V I I I I I I IV V

j 35 ,9 3 7 ,8 3 8 ,4 39,1 4 2 ,2 3 6 ,4 3 8 ,4 39 ,1 4 0 ,4 42 ,1 38,1 3 8 ,9 3 9 ,4 4 0 ,8 4 4 ,8
18,9 1 9 ,7 2 0 ,3

CO+0CM 2 2 ,7 18,9 19 ,6 2 0 ,3 20,9 22,1 19 ,5 19,9 20,1 2 0 ,8 23,1

(> 13 ,7 1 4 ,8 1 5 ,0 15 ,3 1 6 ,8 13,9 1 5 ,0 1 5 ,4 16,1 1 7 ,0 14,1 14,9 15,1 15 ,8 1 7 ,4
2 ,3 2 ,2 2 ,2 2 ,3 2 ,4 2 ,4 2 ,2 2 ,3 2 ,5 2 ,6 2 ,7 2 ,4 2 ,7 2 ,7 2 ,9

. JaratesSE .97 1,1 .87 .67 .3 0 1 ,27 1,57 1 ,03 .9 8 .35 1 ,73 1 ,72 1 ,54 1 ,50 1 ,29

-----—
^  1 7 ,0  18,1 18,1 18 ,3  19 ,5  17 ,5  1 8 ,8  1 8 ,8  19 ,5  2 0 ,0  18 ,6  1 9 ,0  1 9 ,3  2 0 ,0  21 ,7

8 1 ,6  8 3 ,1  8 3 ,7  8 6 ,0  79 ,1  7 9 ,7  8 2 ,0  8 2 ,2  8 5 ,1  7 6 ,0  7 8 ,2  7 8 ,2  79 ,1  8 0 ,4
K *? ® 7 % 1 3 ,8  1 2 ,3  12,1 1 2 ,6  12 ,5  1 3 ,7  11 ,9  12 ,5  1 2 ,8  13,1  14 ,6  12 ,8  1 3 ,8  1 3 ,4  13 ,6

:C6 d i f -
5*71 6 ,0 8  4 ,81  3 ,6 7  1 ,5 4  7 ,2 4  8 ,3 7  5 ,4 9  5 ,01  1 ,75  9 ,31  9 ,0 3  7 ,9 6  7 ,5 0  5 ,9 5

100%

8age m i x , I I  = sausage a f t e r  s c a ld in g  and c h i l l i n g , I I I , I V , V  = 2 4 ,4 8 ,7 2  hours o f 
re s p e c t iv e ly .

e<* f ig u re s  a re  means o f th re e  sep ara te  p ro d u c tio n s .

Table 3 -  V o la t i le  f a t t y  ac id s  in  model m o rta d e lla  type sausage
Percent o f meat tis s u e  s u b s t itu t io n  by soya g r i t s

15

n 17’ 1 16 ,3 17,1 16,1 2 3 ,2 16 ,3 15 ,6 17 ,8 1 9 ,2 27 ,7 14,1 14,1 14,1 19,7 3 3 ,3
;.D. 2 ,3 2 .7 1 ,7 3,1 3,1 3 ,4 2,1 2 ,5 2 ,3 3 ,8 3 ,8 3 ,8 3 ,5 3 ,0 6 ,9
, 100 ,6 9 0 ,4 9 4 ,7 8 7 ,8 118,7 9 1 ,3 8 4 ,3 9 4 ,7 9 8 ,0 - 138 ,8 7 5 ,4 7 4 ,0 7 3 ,0 98,1 153 ,8
^ p .1 0 ,3 9 ,3 6 ,9 1 1 ,8 14,7 12,9 12 ,3 1 3 ,2 12 ,0 1 7 ,0 2 0 ,0 18,9 17 ,9 1 0 ,4 3 5 ,3

, 7 ,6 7 ,2 6 ,8 7 ,9 1 1 ,2 5 ,1 8 ,8 8 ,8 10 ,3 16,5 5 ,9 7 ,1 9 ,2 9 ,5 2 0 ,0
* 1 ,5 1 ,5 1 ,8 2 ,7 1 ,5 1 ,0 2 ,5 0 ,7 2 ,4 1 ,8 2 ,5 2,1 1,1 1 ,5 4 ,5
. 4 4 ,4 3 9 ,7 3 7 ,4 4 3 ,0 5 7 ,5 2 8 ,8 4 7 ,3 4 7 ,2 52 ,9 8 2 ,3 3 1 ,8 3 7 ,3 4 7 ,5 4 7 ,8 9 2 ,6

7 ,2 4 ,6 8 ,0 1 3 ,5 8 ,9 8 ,2 1 2 ,0 3 ,8 12,1 6 ,4 14 ,6 11 ,5 7 ,0 10,9 2 3 ,5

, °»5 0 ,2 0 ,5 0 ,3 0 ,5 0 ,1 0 ,5 0 ,4 0 ,6 0 ,7 0 ,2 0 ,5 0 ,4 0 ,5 1,1
0 ,2 0 ,1 0 ,2 0 ,2 0 ,1 0 ,0 0 ,2 0 ,1 0 ,4 0 ,2 0,1 0 ,3 0 ,2 0 ,2 0 ,4

i 2 ,8 1 .3 2 ,7 1 ,8 2 ,5 0 ,8 2 ,4 2 ,3 2 ,9 3 ,5 1 ,4 2 ,4 2 ,0 2 ,7 5,1
^  1 * 3 0 ,5 1 ,2 0 ,8 0 ,3 0 ,2 0 ,9 0 ,7 1 ,9 1,1 0 ,6 1 ,7 0 ,8 1,1 1,9

! 0 ,3 0 ,3 0 ,4 0 ,3 0 ,4 0 ,2 0 ,3 0 ,3 0 ,3 0 ,5 0 ,2 0 ,2 0 ,3 0 ,5 0 ,8
0 ,0 0 ,1 0 ,1 0 ,2 0,-1 0 ,0 0 ,1 0 ,1 0 ,2 0 ,3 0 ,1 0 ,1 0 ,2 0 ,3 0 ,3

> 2 ,0 1 ,9 2,1 1 ,9 1 ,9 1 ,2 1 ,7 1 ,6 1 ,7 2 ,5 0 ,9 1,1 1 ,5 2 ,7 3 ,7
^__ 0,1 0 ,3 0 ,5 1 ,0 0 ,3 0 ,3 0 ,5 0 ,4 1,1 1 ,3 0 ,3 0 ,5 1 ,3 1 ,4 1 ,4

! 0 ,4 0 ,3 0 ,4 0 ,5 0 ,3 0 ,3 0 ,3 0 ,3 0 ,3 0 ,5 0 ,2 0 ,2 0 ,3 0 ,3 0 ,4
0 ,2 0 ,2 0 ,2 0 ,2 0 ,0 0 ,0 0 ,0 0,1 0 ,2 0 ,1 0 ,1 0 ,1 0 ,1 0 ,1 0 ,1

) 2 . 2 1 ,8 2 ,2 2 ,7 1 ,8 1 ,3 1 ,4 1,7 1 ,7 2 ,5 1 ,0 1,1 1 ,4 1 ,7 1 .7
¿ __ 1 ,3 0 ,9 0 ,8 0 ,8 0 ,2 0 ,3 0 ,3 0 ,5 0 ,8 0 ,6 0 ,4 0 ,5 0 ,5 0 ,5 0 ,6

) 0 .3 0 ,2 0 ,3 0 ,2 0 ,2 0 ,2 0 ,2 0 ,3 0 ,3 0 ,3 0 ,2 0 ,2 0 ,2 0 ,3 0 ,3
• 0 ,0 0 ,1 0 ,1 0 ,1 0 ,1 0 ,0 0 ,0 0 ,0 0,1 0 ,0 0 ,0 0 ,1 0 ,1 0 ,0 0 ,0

) 1 »7 1,1 1 ,9 1 ,3 1 ,0 1,1 1,1 1 ,6 1 ,7 1 ,3 1 ,3 1-.1 1,1 1 ,7 1 ,4
0 ,2 0 ,5 0 ,4 0 ,8 0 ,4 0 ,1 0 ,2 0 ,2 0,1 0 ,1 0 ,2 0 ,4 0 ,3 0 ,2 0 ,3

V - a .

as mg o f a c e t ic  a c id /100 g sausage
" n >1 n » / " « ffdm

c = mg/100g sausage d » mg/100g FFDM



Table 4 - Statistical analysis of VFA versus phases of manufacturing and storage_____''
Phases ~ - __.1 Acetic _ . - . . CapV°^Sum of VFA Propionic Butyric Valeric

Batches of model sausage
AA1 BB1 CC1 AA1 BB1 CC1 AA1 BB1 CC1 AA1 BB1 CC1 AA1 BB1 CC1 AA1 ®B1

I-II ........ ..............  ----------  ----------
I— III — — — — — — — — + + — — — — + + — — — — — — — “ — — — — — —
i - r v  -------------------- - + + - -  -------------------  -------------------
i - v - -  + + + + + - + + + + - - + + + +  - —  - + + - - + - - -
i i -  i i i -----------------------------  --------------  --------------  --------------
II- IV -------- ------------  ----------  ----------  -------- -
II- V + + + + + + + + + + + + + + - - • * -  -------+ + - - + -----
I I I -  I V -----------------------------  --------------  --------------  --------------
I I I — V  + -  + + + + + + + + + + ---------+ -  -------------- --------------- --
IV- V - +  + + + + --- + + + +  _ _ _ _ _ _  _ _ _ _  --

■<

I = sausage mix, II = scalded,chilled sausage, III,IV,V = 24,48,72 hours of storage
A = control sausage mg/100g B = 15% meat substitution mg/100gA1= " " mg/10Og FFDM B1= " " " mg/lOOg FFDM
C = 25% meat substitution mg/100g C1= " " " mg/1OOg FFDM
Volatile fatty acids expressed as mg of acetic acid

Table 5 - Statistical analysis of VFA during phases of manufacturing and storage 
versus experimental batches of sausage _____

VFA Comparable batches of sausage
Phases of manufacturing and periods of 

I la II Ila III Ilia IV IVa V V
Sum of VFA A - B A - C B - C
Acetic acid

A - BA - C B - C
Propionic acid

A "-IT
A - C B - C

Butyric acid A - C

Valeric acid
" j n n rA - C B - C

Caproic acid
A " - TA - C B - C

I = mg/100g mince II = mg/100g of sausagela = mg/100g FFDM of mince Ila « mg/100gFFDM of sausage
okIII » mg/10Og sausag®Ilia - mg/10OgFFDM saus- tC{,
d 72»' "

IV,V respectively "
IVa.Va " t i ofl

15% meat tissue substltution C =» 25% meat tissue subsA = Control batch




