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Kinetics of Digestion and Fermentation of Apple Pomace from Juice and Puree Making
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Abstract: This experiment was conducted to determine the differences between apple pomaces, obtained from
puree and juice making. The chemical composition, rumen degradation characteristics, in vitro digestibility and
gas production of 2 apple pomaces were determined. The dry matter (DM), neutral detergent fiber (NDF) and
non fiber carbohydrates (NFC) of apple pomace from puree making and apple pomace from juice making were
185, 413.8 and 426.65 g kg~ DM and 201.7, 567.9 and 281 .45 g kg ™' DM, respectively. Apple pomace from puree
making had higher soluble (43.62 vs 30.55 %) (p<<0.05) and lower degradable (51.87 vs 67.43 %) (p<0.05) DM
fractions. Rate of degradation was also higher in apple pomace from puree making (0.085 vs 0.05). (65.01 vs 55.01
and 63.80 vs 52.99) (p<<0.05), respectively. Pomace obtained from puree making had higher in vitro DM and OM
digestibility (65.01 vs 55.01 and 63.80 vs 52.99) (p<0.05), respectively. Tt is concluded that differences between
apple processing (puree making or juice making) resulted in, 2 apple pomaces be very different in chemical
composition (especially NFC), digestibility and rumen degradation.
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INTRODUCTION

Apple pomace, a by product of juice or puree making
mndustry, 15 a rich source of many nutrients ncluding
carbohydrates, minerals, except protein (Sargent, 1984).
Utilization of Apple pomace in an economical and
effective way would be in the interest of prevention of
resource wastage and better economy of the processing
plants and also reduces enviromental pollution
(Huber, 1980). Production of ammal feed from apple
pomace is one such proposition. Apple pomace has been
utilized as ammal feed after ensiling (Smock and Neubert,
1950, Taasoli and Kafilzadeh, 2008) or after drying
(Taasoli and Kafilzadeh, 2008). There 1s no mformation
about the apple pomace from puree making and the
kinetics of digestion and fermentation characteristics
of it.

The objective of this study was to determine if the
differences m rumen degradability, in vitro digestibility
and gas production characteristics exsist between 2
different apple pomace (from juice making or puree
making).

MATERIALS AND METHODS

Apple pomace: Apple pomace (AP) from puree making
was obtained fresh from a puree making factory (Rojin
Taak, Agro Industries Co. Kermanshah Iran). The
average dry matter comntent of fresh apple pomace was
185 g kg™'. Apple pomace from juice making was obtained

fresh from a juice making factory (Shahd sib processing
food Co, Kermanshah, Iran). The average dry matter of
this type of fresh AP was 201.7 g kg™".

Chemical composition: The chemical composition of
different types of AP was determined using AOAC (1590).
Neutral Detergent Fiber (NDF) and Acid Detergent Fiber
(ADF) were determined wusing the methods of
Van Soest et al. (1991).

Animals and diets: Three ruminally cannulated rams
welghing 45+3 kg and consuming 1.2+0.2 kg DM were
used. Two weeks before starting the study, the rams were
fed a diet to meet ther mantenance requirements
(NRC, 1985). Rams were fed a total mixed ration consisting
of alfalfa hay and apple pomace and barley with a ratio of
forage to concentrate of 60:40 (DM basis).

In vitre digestibility: Rumen fluid was collected from
three rumen cannulated rams before the morning feeding.
The rumen fluid was mixed on a volume basis, filtered
though four layers of cheesecloth.

The incubation inoculum was prepared by diluting
the fluid inoculum with the buffer (Tilly and Terry, 1963)
i a 1:4 (vol/vol) ratio and stirring in a water bath at 39°C
with purging CO, until its use (10-15 mun later), 250 mg of
each sample was placed into 50 mL strile tubes and 20 mI.
of the incubation inoculum was added. The tube was
stoppered with a Bunsen valve and incubated for 48 h at
39°C. Tubes were gently swirled by hand four times every
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8 h; each sample was incubated in three replicates. At the
end of the 48 h incubation period, tube contents were
acidified by adding 6 M HCL toreach a final pH of 1.3-1.5.
After a few seconds, when the foam subsided, pepsin
powder (EC 3.4.23.1) was added to a final concentration of
0.2% (wt/vol). The tubes were reincubated for an
additional 48 h. The tubes were centrifuged at 2500 rpm
for 15 min and the supernatant was discarded. The tubes
containing the pellets were dried in a forced air oven at
55°C for 48 h to determine the residual DM weights. In
vitro dry matter and organic matter digestibility was
calculated, respectively as the DM and OM wluch
disappeared from the initial weight inserted into the tube.

In vitro gas production: The method used for gas
production measurements was as described by
Theodorou et al. (1994). All samples were ground to pass
a 0.2 mm screen. About 150 mg of each sample were
welghed into tubes kept at approximately 39°C and
flushed with CO, before use. Each sample was mcubated
in three replicates. Fifteen ml of buffered rumen fluid (in
the proportion of 20% rumen fluid + 80% medium)
prepared (as described in the i vitro digestibility section)
and were anaerobically dispensed m each tube at 39°C.
All the tubes were crimped, placed in the incubator at
39°C and shaken at regular times. The pressure of gas
produced in each tube was recorded using a pressure
transducer (testo 512)at 2, 4. 6,8, 8,12, 18, 24, 48, 72 and
96 h after start of the incubation (Theodorou et al., 1994).
Cumulative gas production data were fitted to exponential
models (Crskov and McDonald, 1979) to estimate kinetic
parameters as:

Y = b(l-exp™.

b = Potential of gas production.

¢ = Gas production rate constant for the insoluble
fraction.

t = Incubationtime (h).

y - gas(V),

In situ studies: A standard procedure for small nylon
bags was used to estimate ruminal disappearance of DM
(Drskov et al., 1980). All the samples were ground to pass
a 2 mim screen. Approximately 1.5 g (air dry) of samples
were weighed into 5 cm x12 e¢m nylon bags (porosity =
45 pm) for each sample and incubation time (0, 1, 2, 3,4, 6,
8,12, 24 and 48 h). Each sample was replicated two tumes.
Upon removal from the rumen, nylon bags were
immediately rinsed under tap water until the effluent was
clear and then dried at 55°C for 48 h Percentage
disappearance of DM at each incubation tine was
calculated from the proportion remaming n the bag after

incubation in the rumen. The disappearance rate was
fitted to the following equation given by Orskov and
McDonald (1979):

Disappearance (%) =a + b(1-e™)

where, a is the soluble fraction (% of total), b the
degradable fraction (% of total), t the time of incubation
(h) and c is the rate of degradation. The effective
degradability of DM was calculated by the equation of
Orskov and McDonald (1979):

EDMD (%) —a+b(c/c+k)

where, k 1s the estimated rate of outflow from the rumen
and a, b and ¢ are as defined in the disappearance
equation.

The data was analyzed using the fitcurve programe.
All statistical analysis was done using the SPSS (2002)
procedure.

RESULTS AND DISCUSSION

Chemical composition of the two different apple
pomaces are shown in Table 1.

In vitro digestibility: The results of m vitro DM and OM
digestibility are shown i Table 1. Apple pomace from
puree making had the higher in vitre DM and OM
digestibility. Higher digestibility of DM and OM in the
pomace from puree making was associated with higher
NFC content and lower NDF compare with apple pomace
from juice making.

In situ degradability: Table 2 shows the results of dry
matter degradability parameters of two different apple
pomaces. Apple pomace from puree making had the
higher soluble fraction (a) of DM (about 42% higher than
apple pomace from juice making ). Higher NFC content of
apple pomace from puree making (about 51 %) resulted in
higher a fraction than apple pomace from juice making.
The insoluble but fermentable component (b fraction) in
AP from juice making was significantly more than that in
AP from puree making. This degradable fraction reflects
the proportion of DM that is degraded in the rumen at a
measurable rate. This fraction is nutritionally important
because it provides the major source of slowly fermenting
carbohydrates for rumen microbes. Apple pomace from
puree making had higher rate of degradability (c). The
effective Dry Matter degradability of apple pomace from
puree making was significantly (p<0.05) higher than that
1in apple pomace from juice making. Pirmohammadi et al.
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Table 1: Chemical composition (g kg™ DM) and in vitro digestibility (%)
of apple pomaces from puree and juice making
Apple pomace from :

Itemns Juice making Puree making SEM Sig.
DM 201.7 185

oM 974.8 962.2

ASH 25.2 37.8

CP 58.85 56.75

NDF 567.9 413.8

ADF 419.2 3153

EE 57.6 65

NFC 281.45 426.65

In vitro digestibility (%)

DM 55.02 65.01 2.49 0.015
oM 53.99 63.80 2.46 0.020

DM: Dry Matter, OM: , Organic matter, CP: Crude Protein, NDF: Neutral
Detegent Fiber, ADF: Acid Detegent Fiber, EE: Ether Extract, NFC: Non
Fiber Carbohydrates. NFC = 100- (9aNDF+ %CP+ %oFat+ %ASH). SEM:
standard errors of means

Table 2: Dry matter degradability parameters (a, b and c¢) and estimated
effective degradability of DM at different outflow rates of two
different apple pomaces produced from juice and puree making

Apple pomace from:

Degradability

parameters Puree making  Juice making SEM Rig.

a (%) 43.62 30.55 2.96 0.01
b (%) 51.87 67.43 3.50 0.009
c (fh) 0.08 0.05 0.065 0.009
ath 95.49 97.98 1.32 0.38

Estimated effective degradability of DM at

different rumen outflow rates (@6 h™):

0.05 80 05 31 0.002
0.08 72 57 3.8 0.032
a: rapidly degraded fraction (%o); b :slowly degraded fiaction (%9); c: rate of
degradability (fraction/h) ; SEM: standard errors of means

Table 3: Gas production parameters (b and ¢) and estimated effective
degradability of DM at different outflow rates of two different apple
pomaces produced from juice and puree making

Apple pomace from:

Gas production

parameters Puree making  Juice making SEM Sig.
b (%) 53.23 77.56 6.06 0.015
c(f’h) 0.0370 0.0275 002 0.048

Estimated effective degradability of DM at different

rumnen outflow rates (%o h™'):

0.05 31.97 36.83 1.25 0.024
0.08 26.23 29.17 0.79 0.043
b :potential gas production (26); c: rate of gas production (fraction/h); SEM:
standard errors of means

(2005) reported the values of 38.5 and 51.3% , 27.3 and
52.9% for a and b fraction for dried and ensiled AP,
respectively. Anrique and Viveros (2002) observed that
the mean values for DM soluble (a), slowly degradable (b)
fractions and total degradability (ath) of ensiled AP were
13.8,75.7 and 89.5%, respectively. The degradabilities of
AP from puree and juice making in the present study was
95.49 and 97.98%, respectively (Fig. 1).

In vitro gas production: Table 3 shows the results of gas
production parameters. Gas production 1s basically the
result of the fermentation of carbohydrates into acetate,

Table 4: Correlation between iz situ and 1 vitre gas production parameters.

Parameters Correlation Rig.

A g and A, 0.52 0.28

beandb g -0.12 0.82

€ gos AN C i 042 0.42

athb, anda+bi -0.32 0.53
100 5

Dogradeability (%)

20 + AP from puree making
« AP from juice making
0 T T T L] 1
0 10 20 30 40 50

Incubation time
Fig. 1: The degradability of two different apple pomaces

propionate and butyrate ( Gatachew et al., 1998). Higher
rates of gas production (¢) observed in AP from puree
making, possibly influenced by the soluble carbohydrates
fraction (a) readily availability to microbial population.
Apple pomace from juice making had ligher b fraction
than AP from puree making, although, the rate at which
gas was produced m AP from puree making was
significantly (p<0.05) higher than AP from juice making.
(Gas production rate in apple pomace from puree making
was higher (about 35%) than that in apple pomace from
juice making.

So, b fractions of DM degradability (i# situ) and gas
ptoducion of apple pomace from juice making were
significantly higher than b fraction of apple pomace from
puree making.

As it is shown in Table 4, there was no significant
correlation between a ,,, and a . b,and b, .. ¢, and
mime @ T b canda+b The results obtained in this
experiment are mn agreement with those reported by
Khazaal et al. (1993), Blummel and @rskov (1993) and
Sileshi et al. (1996), who observed a correlation between
DM disappearance and gas production but they did not
find a significant correlation between the rate of DM
degradation {c,,,) and rate of gas production (c,,.), which
was in agreement with present findings.

C

st

CONCLUSION

The AP from puree making had higher digestibility
than the AP from juice making. Such differences are due
to the effect of different processing used in puree and
juice making. Higher NFC content of apple pomace from
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puree making resulted in more readily fermentable fraction
mn this by-product compared to apple pomace produced
from juice making. Further studies on the nitrogen and
carbohydrate degradability kinetics may prove useful in
further determining and comparing the feed value of these
two types of apple pomaces.
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