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Evaluation of partial replacement of barley grain with heated potato processing by-

products in the diet of dairy cows using an in vitro gas production technique

ABSTRACT

The effects of replacing barley grain with heated potato slices and French fries waste in an iso-
energitic total mixed rations of dairy cow on cumulative gas production and in vitro DM
degradability was evaluated using in vitro techniques. Seven experimental dairy cow total
mixed ration (TMR) were formulated based on replacing barley grain with heated potato slices
(HPS) or French fries waste (FFW) including: Control: a diet containing 16% (DM basis)
barley grain as one of the main sources of non-forage carbohydrates; 5 HPS: a diet containing
11% barley grain and 5% HPS; 10 HPS: a diet containing 6% barley grain and 10% HPS; 15
HPS: a diet containing 1% barley grain and 15% HPS; 5 FFW: a diet containing 11% barley
grain and 5% FFW; 10 FFW: a diet containing 6% barley grain and 10% FFW; 15 FFW: a
diet containing 1% barley grain and 15% FFW. Two in vitro gas production approaches were
conducted separately to measure the production of gas volumes and dry matter (DM)
degradability at 2, 4, 6, 12, 24, 36, and 48 hours of incubation. After 48 h of incubation, the
gas production volume varied between 174 and 197 ml/g DM, with the highest value observed
with control and the lowest value with FFW treatments (P < 0.001). Also, the rate of gas
production for the insoluble fraction varied from 0.031 to 0.054 ml/h and was higher for HPS
treatments than for control and FFW treatments (P < 0.001). After 48 h of incubation, DM
degradability was significantly lower for control than other treatments. DM effective
degradability, with a passage rate of 0.05 h™%, was found to be higher for FFW and HPS
compared with the control. Moreover, the rate of the B fraction degradation was significantly
lower for the control (0.14 % h™?) than for treatments supplemented with potato processing by-
products. Totally, the results of the current study showed that heated potato processing by-
products can be replaced with barley grain by 15% in the diet of dairy cows without negative
effects on ruminal fermentation.
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INTRODUCTION



The data shows that potato (Solanum tuberosum) is the fourth non-cereal carbohydrate source
used in human nutrition globally [1]. Based on the published data, the total production area of
the Iranian potato sector is estimated at 160,000 — 170,000 hectares. Total annual production
of about 5 — 5.5 million tons [2]. The potato processing industry in Iran is growing and about
13% of the total volume of potatoes production is processed (about 700,000 to 800,000 tons
per year). French fries and chips are the most important segments in the processing industry
[2]. In addition to this, potatoes are processed for flakes, mash potatoes and salads as well. The
co-products from processing for producing frozen food products are quantitatively the most
important ones. Shortly, in the French fries production factories, potatoes are first peeled by
steaming (the co-product is called steam peel), then peeled potatoes are cut into slices, which
are heated at 80-90 °C for 5 minutes to reduce the oil absorption during the frying process.
Next, the heated slices are passed through an electronic optic, where malformed slices are
removed from the production line (heated potato slice; HPS), and after that, the slices are fried
in oil at 170 °C for 40 seconds. Then the fried slices pass through a freezing tunnel, after which
the malformed fried slices are removed before packaging by an electronic optic (French fries
waste; FFW).

The feeding values of potato co-products are well documented, and they are classified as high-
energy, low-fiber feed sources with low DM content [3, 4, 5]. Most of the studies on using
potato co-products have focused on feeding potato peels, screen solids, bits and pieces, and
belt solids [3, 4, 5, 6], and data related to heated potato by-products (like fried or cooked potato
co-products) are limited. It has been shown that heat treatments increase the rate and extent of
starch degradation in the rumen [7, 8]. So, it is expected that the degradability of heated potato
co-products will be different from their raw and unheated shapes.

On the other side, the in vitro gas production technique, as a promising technique, has been
used to evaluate the possibility of using food industry residuals and by-products as animal feed
sources. It has been shown that there is a good correlation between results from in vitro and in
vivo experiments [9]. The objective of the current study was to evaluate the effects of replacing
barley grain with heated potato slices (HPS) and French fries wastes (FFW) in a total mixed
ration (TMR) on cumulative gas production and in vitro DM degradability.

MATERIAL AND METHODS

Preparation of an Experimental Diets

The heated potato slices (HPS) and French fries waste (FFW) used in the current study were
provided by Talachin Agro-industrial Company in Qazvin, Iran. Seven iso-energetic TMR diets



for lactating dairy cows (700 kg BW, producing 40 kg milk/day, and 90 days in milk) were
formulated using NASEM Dairy-8 R 2022.10.08 software [10] (Table 1) as Control: a diet
containing 16% (DM basis) barley grain as one of the main sources of non-forage
carbohydrates; 5 HPS: a diet containing 11% barley grain and 5% HPS; 10 HPS: a diet
containing 6% barley grain and 10% HPS; 15 HPS: a diet containing 1% barley grain and 15%
HPS; 5 FFW: a diet containing 11% barley grain and 5% FFW; 10 FFW: a diet containing 6%
barley grain and 10% FFW; 15 FFW: a diet containing 1% barley grain and 15% FFW. Prior
to TMR preparation, all feed ingredients were subjected to a drying process at a temperature of
60°C for 72 hours. After drying, they were milled through a sieve with a mesh size of 1 mm.
Also, DM (method 1D 934.01), crude protein (CP, method ID 984.13), ether extract (method
ID 920.30), and ash (method ID 942.05) were determined according to AOAC [11]. Starch
content was determined according to Hall method [12]. A FibertecTM (Foss, Denmark) fiber
analyzer was used to determine the amounts of acid detergent fiber (ADF) and neutral detergent
fiber (NDF) using reagents that were reported by Van Soest et al. [13] and added heat-stable
amylase and sodium sulfite. The analyses of fatty acids (FA) profile of the HPS, FFW, and
barely were performed using gas chromatography [14]. Table 2 shows the chemical
composition of FFW and HPS.

In vitro cumulative gas production and kinetics

The rumen fluid was collected from two infertile ruminally-cannulated Holstein cows (average
BW 700 kg) that were fed a diet consisting of 60% forages and 40% concentrates, twice daily
from 07:00 to 15:00. Rumen fluid was mixed with the pre-heated (39 °C) buffer mixture, in a
1:2 ratio (rumen fluid: buffer). The in vitro gas production technique was conducted using
Menke and Steingass technique [15], where, approximately 500 mg of experimental samples
were weighed (based on DM) in triplicate into 120 ml serum vials. A total of 45 ml of prepared
solution (rumen-fluid and buffer mixture) was added to each bottle. The glass vials were then
incubated in incubated-shaker at 39 °C and gas production was recorded after 2, 4, 6, 12, 24,
36, and 48 h using a water displacement apparatus. For the in vitro study, four replications of
each experimental total mixed ration (TMR) were used, and two runs were conducted to ensure
the reliability of the findings. Gas production Kinetics fractions were estimated using the NLIN
procedure of SAS [16] according to the non-linear exponential model of @rskov and McDonald
[17]:

G=a+b (1-exp™)

where, G represents the gas generated at a given time (t), a represents the gas production (ml/g
DM) from the immediately soluble fraction, b represents the gas production (ml/g DM) from



the insoluble fraction, a + b represents the potential gas production (ml/g DM), ¢ represents the
gas production rate constant (ml/h) for the insoluble fraction, and t represents the incubation
time (h).

In vitro dry matter degradability

To evaluate the effect of partial replacement of barley grain with heated potato slices (HPS) or
French fries waste (FFW), a modified in vitro technique was employed. This involved weighing
500 mg of the prepared total mixed ration (TMR) into nylon bags measuring 2.5x3 and with a
pore size of 45um. The bags were then heat-sealed and placed into 120 ml serum vials [18].
The vials were incubated at 39 °C before the injection of a combination consisting of 45 ml of
rumen fluid (15 ml) and buffer (30 ml) in a ratio of 1:2 into each vial.

In this part of the experiment, it was tried to record the amount of gas production and DM
degradation of the experimental treatments simultaneously. In this way, for each incubation
time (2, 4, 6, 12, 24, 36, and 48 h), 4 vials (replicates) were allocated to each of the experimental
treatments, and 4 vials were assigned to the blank as well. Each run contains 224 vials
(including 7 experimental treatments plus blank, 7 incubation times, and 4 replications). It
should be mentioned that current in-vitro gas production is done over two consecutive runs on
two different days. There were four different times the vials were incubated: 2, 4, 6, 12, 24, 36,
and 48 hours. At each time, the bags inside were taken out, rinsed, and washed with phosphate
buffer (pH 7.4) to make sure that any microbial contamination caused by rumen microbes was
removed [18]. The in vitro DM degradability (IVDMD) for each time point was calculated as
the weight of substrate incubated initially minus the weight of residue at the related time point.
Also, the partitioning factor for 12 and 24 hours of incubation was found by dividing the mg
of truly degraded DM (TDM) by the ml of gas that was made in the lab at those times. We then
used the NLIN procedure in SAS [16] to figure out the Kinetic parameters of in vitro DM
degradability (IVDMD) by fitting the data to the model of @rskov and McDonald [17]:

D =a+ b (1-exp™*®)

Where D: degradability at the time (t), a: intercept, b: potentially degradable fraction, and kd:
rate of degradation of the b fraction.

Also, the effective degradability of DM (ED) was calculated assuming a fractional passage rate
(kp) of 2, 5, and 8%/h using the following equation:

ED=a+bxkd/(kd + kp)

Where: ED: effective degradation at ruminal passage rates; a: the immediately degradable
fraction; b: the potentially degradable fraction; kp: fractional passage rate; and kd: the
fractional degradation rate.



Statistical analysis

The SAS Inst., Inc., Cary, NC, USA, PROC MIXED (version 9.1) was used to analyze the data.
Treatments were regarded as fixed effects, and subsequent runs were taken to be random
effects. The analysis employed the following model: Yij = p + Ti + Rj + eij. For this model,
Yij is the observation of the dependent variable ij, p is the overall mean of Y, Fi is the effect
of treatment (i = 7), R is the fixed effect of incubation run as replications (j = 2), and eij is the
random residual error that is linked to observation ij. The treatments' means were compared
using the probability of difference (PDIFF) option of the least squares means statement. P <

0.05 differences were regarded as statistically significant differences.

RESULTS AND DISCUSSION

The chemical analysis of the wastes related to the heated potato slices (HPS), French fries waste
(FFW), and barley grain is presented in Table 2. The DM contents for HPS and FFW were 22.5
and 37.1%, respectively. Among the currently studied co-products, French fries had the
second-highest DM percentage. During the processing of French fries at a higher temperature
of approximately 170 °C, the tissue of the potato absorbed oil, and the moisture content was
evaporated, which was replaced by oil [19]. Therefore, this leads to increased DM content as
compared to heated potato slices.

The starch levels in barley grain and HPS were higher compared to FFW, with values of 57.2%
and 54.7% of DM, respectively, while FFW had a starch content of 38.3%. However, due to
the frying process, FFW had a higher fatty acid (FA) content of 19.80% compared to the others.

Table 1. Ingredient and chemical composition (% of DM) of the treatments used in in vitro gas production technique

Heated potatoes slices (HPS) French fries wastes (FFW)
Diet ingredients Control 5% 10% 15% 5% 10% 15%
Alfalfa hay 11.00 11.00 11.00 11.00 12.07 12.07 12.07
Cornsilage 27.00 27.00 27.00 27.00 22.01 22.01 22.01
Wheat straw 2.00 2.00 2.00 2.00 1.20 1.20 1.20
Barley grain (grounded) 16.00 11.00 6.00 1.00 15.40 10.40 5.40
Heated potato slices (HPS) 0.00 5.00 10.00 15.00 0.00 0.00 0.00
French fried wastes (FFW) 0.00 0.00 0.00 0.00 5.00 10.00 15.00
Corn grain (grounded) 20.00 20.00 20.00 20.00 14.58 14.58 14.58
Soybean meal 8.80 8.80 8.80 8.80 15.71 15.71 15.71
Cotton seed meal 5.00 5.00 5.00 5.00 2.50 2.50 2.50
Corn Gluten meal 4.00 4.00 4.00 4.00 0.87 0.87 0.87
Wheat bran 3.30 3.30 3.30 3.30 1.61 1.61 1.61
Toxin binder 0.25 0.25 0.25 0.25 0.16 0.16 0.16



Sodium bicarbonate 0.60 0.60 0.60 0.60 0.86 0.86 0.86

Salt 0.40 0.40 0.40 0.40 0.27 0.27 0.27
Vit/Min premix? 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Limestone 0.80 0.80 0.80 0.80 0.43 0.43 0.43
Magnesium oxide 0.20 0.20 0.20 0.20 0.21 0.21 0.21
Chemical composition %
Crude protein 17.20 17.03 16.87 16.74 16.95 16.71 16.48
RDP?, % of CP 62.2 61.90 61.30 68.58 61.86 61.53 61.19
RUP3, % of CP 37.8 38.10 38.70 38.70 38.14 38.47 38.81
Starch 31.29 31.12 30.96 30.79 30.30 29.32 28.33
Non- fiber carbohydrate 41.70 41.99 42.28 42.58 41.26 40.83 40.39
Neutral detergent fiber 30.06 29.98 29.89 29.81 29.89 29.71 29.54
Acid detergent fiber 17.00 16.82 16.69 16.55 16.92 16.89 16.85
Crude ash 7.97 8.00 8.03 8.10 7.93 7.89 7.85
Ether extract 3.09 3.01 2.93 2.58 3.98 4.86 5.75
NEI®, Mcal/kg DM 1.63 1.63 1.64 1.64 1.65 1.67 1.69

! Provided (kg of DM): 500,000 1U of vitamin A, 200,000 IU of vitamin D3, 1000 mg of vitamin E, 500 mg of antioxidants,
190 g of Ca, 80 g of P, 21 g of Mg, 3000 mg of Fe, 60 g of Na, 300 mg of Cu, 2000 mg of Mn, 3000 mg of Zn, 100 mg of Co,
100 mg of I, and 30 mg of Se.
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4Net energy for lactation were estimated using the NASEM 2021 equation [10].

DM content for HPS and FFW was 22.57 and 37.18 percent, respectively. The higher DM for
FFW in comparison with HPS is related to the replacement of the water with fatty acids (FA)
during the frying process of a potato slice in oil at 170 °C for a couple of seconds. It is
noteworthy that absorbing FA into FFW raised its energy content from 2.03 to 2.31 Mcal/kg.
The starch contents of barley grain and HPS (57.2 and 54.7% of DM, respectively) were higher
than FFW (38.3 %). Also, NDF concentrations for barley, HPS, and FFW were 18.92, 17.20,
and 15.41%, respectively. The non-fiber carbohydrate (NFC) content in potato co-products and
barley grain varies from highest to lowest in the following order: barley grain, HPS, and FFW.
Most of the potato by-products have less starch content compared to barley grain. Frying, a
heat-based process, can dehydrate food, reducing moisture and increasing carbohydrates and
lipids, potentially leading to a decrease in protein content, as per previous studies [20].
Table 2. Chemical composition of barley grain, heated potato particles and French fries wastes

used in current study
Items (% of DM) Barley grain HPS FFW




DM 88.50 22.57 37.18

Crude Protein 11.30 9.70 8.15
Starch 57.21 54.70 38.30
NDF 18.92 17.20 15.41
ADF 7.20 4.50 6.50
NFC 63.50 69.42 54.85
Ash 2.65 3.19 1.79
FA 2.11 0.49 19.80
NEI* (Mcal/kg DM) 1.94 2.03 2.31

Twere calculated based on the NASEM 2021 equation. DM: dry matter; crude protein; NDF: neutral detergent
fiber; NFC: non-fiber carbohydrates; FA: fatty acids; NEI: net energy for lactation. HPS: heated potato slices;
FFW: French fries waste.

Replacing the barley grain with HPS and FFW in batch culture affected in vitro gas production
at different times of incubation, as shown in Table 3. The gas production volume within the
first two hours of incubation for the control (ml/g DM) was higher than that of other treatments,
followed by treatments containing 5 and 10% HPS. The result showed that adding HPS to diets
by 10 percent did not have a significant effect on gas production; however, higher inclusion of
HPS (i.e., 15%) decreased gas production significantly. There are several reasons why the
lowest HPS level (15%) led to less gas production. These include the amorphous nature of
potato starch granules and the fact that rumen bacteria are not used to dealing with these
structures [21].

Inversely, the inclusion of French fries waste in the diet decreased gas production not only
within the initial hours of incubation but also during the latter hours. The lowest gas production
after 48 hours of incubation was related to the treatment containing 15% of FFW. A decrease
in gas production companions through the inclusion of FFW could be related to FFW’s oil
content. Menke and Steingass [15] and Cone and van Gelder [22] reported less gas production
for fat in comparison to carbohydrates (2 vs. 370 ml gas/g substrate, respectively). On the other
side, the lower volume of gas production for treatments that contain 10 and 15% French fries
waste could be attributed to the negative effects of unsaturated fatty acids on rumen bacterial
fermentation. Yang et al. [23] using the in vitro gas production technique, showed that an
increasing proportion of unsaturated fatty acids in the fermentation substrate reduces CH4 and
CO:z emissions, affecting rumen fermentation and the microbial community. Also, other studies
mentioned that the inhibition of unsaturated fatty acids on rumen fermentation may be due to

FA adhering to the feed surface and the toxic effects of FA on rumen bacteria [24, 25].



The gas production from the immediately soluble fraction (a) and the rate and extent of gas
production from the insoluble fraction (b) are shown in Table 3. The highest amount of gas
production for a soluble fraction (a) belonged to 15% HPS, and its value was significantly
higher than control (7.24 vs. 4.95 ml). Also, Melesse et al. [26] found that heat treatment of
potatoes caused the gelatinization of potato starch, which led to more solubility. However, the
replacement of barley grain with FFW at all studied levels decreased gas production from the
immediately soluble fraction. Similarly, the gas production from the insoluble fraction (b) was
highest for the 15% HPS and the lowest for the 15% FFW. Also, the rate of gas production for
the insoluble fraction (ml/h) varied from 0.031 to 0.054 ml/h and was the highest for diets
containing 5% HPS.

The in-vitro gas production method, on the other hand, is appealing to ruminant nutritionists
since it can quickly assess the volume of gas production over time. However, the measurement
of gases only implies the measurement of gases that are nutritionally wasteful and
environmentally dangerous (CO2 and CH4). There is a widespread misconception that the rate
and extent of gas generation are similar to the rate and extent of feed degradation. This
misconception has been found in the majority of previous investigations [27]. It has been shown
that measuring the amount of DM truly degraded along with gas production for each time point
gives more information regarding the partitioning of the degraded substrate between waste
gases and volatile fatty acids on one side and microbial mass production on the other.

Table 3. Effects of replacing barley grain with heated potato slices and French fries on in vitro

cumulative gas production (ml/g DM) and it's kinetics during in vitro batch culture incubation

Heated potatoes slices (HPS) % French fries wastes (FFW) %
Time Control 5 10 15 5 10 15 SEM P-value
(hours)
2 10.12 10.32 7.55% 6.50% 8.60% 7.25% 5.12¢ 1.3642 0.03
4 23.702 21.852 13.02¢d 10.22¢ 23.052 18.05° 14.00° 2.49193 0.01
6 55.852 37.45° 31.62° 28.95° 38.35° 39.35° 28.85°  2.99386 0.03
12 96.902 84.75° 77.27¢ 89.97° 67.95¢ 68.75¢ 61.30°  3.30371 0.01
24 1382 126.65°  122.10° 89.97¢ 108.95° 108.85° 103.63¢ 2.92578 0.01

36 175.50° 172.25® 169.23* 164.10° 158.70¢  153.45¢ 148.00° 3.69186  0.01

48 197.25*  196.25* 195.75%  185.98" 181.50" 177.15% 174.23¢ 3.81984  0.04

a -4,95° -4.87° -4.66° -7.242 -3.82b¢ -1.21¢ -2.94° 1.049 0.03



b 197.60%  203.10* 209.73* 217.43? 211.63* 198.05% 191.90¢  5.419 0.01
atb  192.65% 198.23" 205.07® 210.19? 207.81* 196.84° 188.96Y  5.177 0.01

k 0.032¢ 0.054% 0.042° 0.037°¢ 0.031¢ 0.034%  0.037° 0.002 0.02

1 Control: a diet containing 16% (DM basis) barley grain as the main source of non-forage carbohydrate; 5 HPS: a diet
containing 11% barley grain and 5% HPS; 3) 10 HPS: a diet containing 6% barley grain and 10% HPS 4) 15 HPS: a diet
containing 1% barley grain and 15% HPS; 5) 5 FFW: a diet containing 11% barley grain and 5% FFW; 6) 10 FFW: a diet
containing 6% barley grain and 10% FFW; 7) 15 FFW: a diet containing 1% barley grain and 15% FFW, SEM; standard
error of the mean; HPS: heated potato slices; FFW: French fries waste.

a: the amount of gas produced from the fraction that is soluble quickly (mL); b: the amount of gas produced from the
insoluble fraction (mL); a+b represents the potential gas production (mL); k represents the gas production rate constant
for the insoluble fraction in milliliters per hour (ml/h); and t is the incubation time in hours (h).

& Means within a row with different superscripts differ significantly (P < 0.05).

The results related to the DM degradability of the experimental treatments are given in Table
4. DM degradability after 2, 4, and 6 hours of incubation for the control was significantly lower
than other treatments. The highest amount of DM degradability for treatments containing HPS
was the highest, and it was intermediate for the FFW treatments.

The previous studies reported a slower ruminal degradation rate for raw potato starch than
barley and wheat [28, 29]. Different types of grains and cooking methods degrade at different
rates in the rumen. In general, the ruminal degradation rate was the fastest (32% h), then oats
(29% h), barley (29% h), potatoes (5% h), corn (2% h), and sorghum [30, 31]. The slower
ruminal degradation rate of raw potato starch is attributed to the protein properties and starch
nature of raw potatoes. According to Alvani et al. [32], the amount of branching in amylopectin
in potato starch is lower than that in cereals. Additionally, Hernandez-Medina et al. [33]
demonstrated that it undergoes gelatinization at relatively low temperatures, ranging from 64.4
to 69.9 °C, in comparison to other types of starches, and Vasanthan and Bhatty [34] noted that
it exhibits a high degree of expandability. Also, in their study, Sarian et al. [35] evaluated the
enzymatic degradation of granular potato starch by Microbacterium aurum strain B8.A. They
found that the hydrolysis of potato starch granules occurred at a slower rate compared to wheat
and tapioca starch. The variation in degradation rate can be attributed to variations in the
structure and/or surface area of the starch granules.

Previous studies showed that heat treatments increase the rate and extent of starch degradation
in the rumen [7, 8]. Sveinbjdrnsson et al. [8] demonstrated that cooking increased the in vitro
starch degradation rate of isolated potato starch from 0.038 to 0.197/h. In another study,



Sveinbjornsson et al. [8] showed that the heat treatment of pure potato starch, peas, barley, and
maize increased the proportion of starch degradation after 8 hours of in vitro incubation.
Specifically, the degradation rate for pure potato starch increased from 0.155 to 0.870 /h, peas
from 0.491 to 0.815, barley from 0.686 to 0.913, and maize from 0.351 to 0.498. This indicates
that the greatest increase in starch degradation was observed in pure potato starch, with 0.87
being degraded when it was in the cooked form, compared to only 0.155 in the raw form. It
seems that the heat processing of potato co-products increases starch’s ruminal degradation
rate.

It should be mentioned that part of the slower DM degradability for barley in comparison to
potato by-products could be related to higher NDF content with a slower degradability rate.
After 48 hours of incubation, DM degradability for the barley treatment was significantly lower
than for other treatments. Also, for the mentioned time point, 48 h, the inclusion of FFW at the
15% level caused a decrease in degradability compared to the lower levels (i.e., 5 and 10% of
FFW), which could be attributed to the higher oil content, which leads to impaired ruminal
microorganism activity. Previous studies have shown that high levels of unsaturated fatty acids
can reduce microbial activity in the rumen due to toxicity and physical inhibition, leading to a
decrease in the extent of degradation [36, 37, 38].

It has been shown that the partitioning of fermented nutrients between microbial biomass and
waste gas (CO2 and CHa4) production plays an important role in ranking the feeds. For the in
vitro gas production method, the partitioning factor (PF) is a measure of how well microbial
biomass is produced. It is calculated by dividing the amount of truly degradable substrate (mg)
by the amount of net gas production (ml) [27]. After 12 hours of incubation, the PF for 10%
and 15% FFW was the highest (8.09 and 7.57), for 5% FFW, 5% HPS and 10% HPS were the
lowest, and for the control (barley grain), 15% HPS was intermediate. As aforementioned,
animal feeds with high PF indicate that a greater amount of degradable materials were
incorporated into the microbial mass in batch culture. Also, the PF value after 24 hours of
incubation for treatments containing FFW was higher than HPS and control (barley grain)
treatments. The current results showed that replacing HPS and FFW with barley by 15% didn’t
affect ruminal fermentation negatively.

The average value for the soluble fraction (a) varied between 2.52% and 4.32%, with the
highest value observed with 10% HPS, an intermediate value with the control, and the lowest
value with 5% HPS (P < 0.001). On the other hand, the average value for the potentially
degradable fraction (b) ranged from 53.90% to 66.04%, with the lowest value observed with
the control and the highest value with 5% HPS (P < 0.001). The DM's effective degradability,
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with a passage rate of 0.05 h™%, was found to be higher for FFW and HPS compared to the
control (Table 4). Also, the Kd of the b fraction was significantly lower for the control (0.14 %
h™1) than for treatments supplemented with potato processing by-products.

It has been shown that rate of raw potato starch degradability is significantly lower than that of
normal cereal grain, which is used in dairy cow diets (i.e., corn, barley, and wheat grain).
Monteils et al. [39] reported that the degradability rates of potato peel and wheat starches were
5% and 34% h’. However, heating potato starch, like what happened in the current study,
increases the rate of potato starch degradability to an extent similar to that of barley starch and
may be higher [8, 29]. The higher rate of starch degradability for heated potato by-products
attributed to two process. Firstly, the starch gelatinization which occurred by heating process
and consequently solubilization of amylose starch [40, 41]. Secondly, denaturation of proteins
which cover potato starch granules [42].

Table 4. Effects of replacing barley grain with different levels of heated potato slices and French fries on

partitioning factors, DM degradability and it's Kinetics during in vitro batch culture incubation

Heated potatoes slices (HPS) % French fries wastes (FFW) %
Time

(hours) Control 5 10 15 5 10 15 SEM P-value

2 19.87¢ 24.25%¢  24.04%¢ 25.88% 2357  24.77%® 22.14°¢ 1.541 0.01

4 28.55¢ 34.80° 37.16° 39.262 32.27¢  35.80*  32.33¢ 1.359 0.01

6 35.46° 46.77° 43.76% 46.66° 44.91°  42.28%  40.38™ 1.536 0.03

12 42.19¢ 54,042 49.03° 52.26° 52.32° 54.932 51.99° 3.243 0.01

24 51.12¢ 63.09? 60.52° 59.47° 60.22° 61.42®  59.17° 1.611 0.03

36 58.86° 69.772 69.14° 68.68% 69.02? 68.18? 64.79° 1.600 0.04

48 60.80° 73.55% 74.05% 74.16° 74.132 74.422 70.37° 1.717 0.04

a 3.50% 2.52° 4,322 2.91° 3.17% 3.21% 2.64P 0.411 0.02

b 53.90¢ 66.042 63.39 63.60° 64.96®  64.95% 62.48°¢ 1.120 0.01

at+b 0.14¢ 0.17° 0.15% 0.192 0.15 0.16" 0.15% 0.014 0.04

kd 57.409 68.572 67.71% 66.51" 68.13*  68.16% 65.1¢ 1.215 0.02

ED 0.02 50.46¢ 61.45 60.18° 60.35° 60.41%  60.84% 57.82°¢ 0.715 0.01

ED 0.05 42.91¢ 53.262 51.74° 53.072 51.76° 52.51%  49.60° 0.577 0.02

ED 0.08 37.48° 47.06% 45.52° 47.442 45.38° 46.29"  43.52¢ 0.658 0.01

PF 12h 6.90% 5.58% 5.79¢ 6.77% 5.83% 8.09? 7.57%® 0.371 0.03

PF 24h 4,94 4.57° 4.78° 4.87¢ 6.70? 5.64° 5.44° 0.178 0.04
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! Control: a diet containing 16% (DM basis) barley grain as the main source of non-forage carbohydrate; 5 HPS: a diet containing 11%
barley grain and 5% HPS; 3) 10 HPS: a diet containing 6% barley grain and 10% HPS 4) 15 HPS: a diet containing 1% barley grain
and 15% HPS; 5) 5 FFW: a diet containing 11% barley grain and 5% FFW; 6) 10 FFW: a diet containing 6% barley grain and 10%
FFW; 7) 15 FFW: a diet containing 1% barley grain and 15% FFW, SEM; standard error of the mean; HPS: heated potato slices; FFW:
French fries waste.

a: the immediately degradable fraction; b: the potentially degradable fraction; k: the fractional degradation rate; a+b: the total degradable
fraction; Ed 0.02, Ed 0.05, and Ed 0.08: effective degradation at ruminal passage rates of 2%, 5%, and 8% per h.

PF 12h: Partitioning factor after 12 h of incubation; PF 24h: Partitioning factor after 24 h of incubation

=t Means within a row with different superscripts differ significantly (P < 0.05).

CONCLUSION

The previous studies indicated raw potato starch as a slow-degradable source of carbohydrate
in ruminant nutrition; however, the current study findings revealed that heating increases the
rate of potato starch degradability to an extent similar to barley starch and may be higher. In
general, heated potato processing by-products can be replaced with barley grain by 15% in the

diet of dairy cows without negative effects on ruminal fermentation.
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