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Summary. The present study was conducted to investigate the nutritional composition of the haulms of com-
monly grown 5 potato (Solanum tuberosum L.) cultivars (Milva, Laura, Granola, Europrima and Jelly). Plant
materials were harvested from potato production fields of Efsane Seed Company just before tuber harvest.
Current findings revealed that green herbage yields of potato haulms varied between 416.51 and 670.32 kg/
da, dry herbage yields between 381.62 and 527.24 kg/da, crude protein (CP) ratios between 10.85-14.48%,
crude ash (CA) ratios between 5.22 and 9.10%, acid detergent fiber (ADF) ratios between 22.46 and 33.94%,
neutral detergent fiber (NDF) ratios between 47.99 and 60.91%. Gas production values varied between 33.15
and 47.56 mL, methane productions between 5.27 and 8.35 mL, metabolic energy (ME) values between 7.45
and 9.29 M]/kg DM and organic matter digestibility (OMD) values between 50.77-63.69%. Considering the
mineral content of potato haulms, iron contents varied between 47.35 and 180.07, manganese contents between
28.14 and 85.15, cobalt contents between 0.43 and 1.13, nickel contents between 3.40 and 8.60, copper contents
between 10.84 and 15.35, zinc contents between 4.14 and 15.60, cadmium contents between 1.02 and 1.55 and
lead contents between 6.74 and 9.80 mg/kg/DM. It was concluded based on current findings from the haulms of
five different potato cultivars that haulms had quite high feed quality values. With rich mineral contents, haulms
may eliminate supplementary mineral requirements of livestock. Therefore, it can be stated that haulms of all five
cultivars can be used as an alternative feed source for animals.
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Introduction

Today, present pastures and grasslands are able to
meet only 40.5% of roughage needs of livestock. The
rest is tried to be met with field crop residues and es-
pecially with cereal straws and hay. However, the straw
with only 4-5% protein content can provide only a
feeling of fullness (Serin and Tan, 2011).

Following the cereals, potato has the greatest
share in human nutrition. Just because of cheapness,
high yield per unit area, high nutritional value, easy

digestion and adaptation to every climate, potato is
cultivated almost everywhere in the world (Kolsarici,
2009). Potato is cultivated over 18.651.838 ha land
area in the world and over 140.665 ha in Turkey (FAO,
2009). With high yield per unit area, it provides signif-
icant contributions to country and producer economies
(Yildirim ez al, 2005). Potato tubers are quite rich in
carbohydrate and leaves are rich in protein. Therefore,
different plant parts can reliably be used as livestock
feed (Yildirim ez al, 2005). Above-ground parts of po-

tato (haulms) can be ensilaged and used as animal feed
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(Nicholson e al., 1978; Pafritt ez al., 1982; Muck ez al.,
1999). Watson and Nash (1960) reported that haulm
silage had quite close nutritional value to maize silage
and Muck ez a/. (1999) indicated that haulm silage
with high protein and low fiber content could be used
as animal feed. Based on cultivars and time of harvest,
protein content of potato haulms vary between 8-26%.
Decreases are observed in protein contents with the
prolonged harvest periods (Carruthers and Pirie, 1975;
Nicholson e al, 1978; Muck ef al, 1999). Solanine
content is the most critical issue to be considered in
the use of potato haulms as a feed source. Solanine
contents of potato haulms can also vary based on culti-
vars and time of harvest (Karadogan, 1991). Nicholson
et al. (1978) carried out a study with Kennebec potato
cultivar and indicated that total glucoalkaloid ratio
decreased with the progress of ripening and potato
haulms could be ensilaged and used in animal feed-
ing. Similarly, Montario (2012) indicated that potato
haulms had a great place in animal feeding and point-
ed out that solanine content of potato haulms did not
have a toxic effect since they started to dry out when
the tubers were harvested, therefore they could be used
in animal feeding.

Potato growers generally decimate potato haulms
before the harvest to harden the peals, to have easy
harvest with machines and especially to prevent the
spread of diseases in seed potato production (Oral,
1979). The present study was conducted to determine
nutritional composition of potato haulms and to inves-
tigate possible use of potato haulms as an alternative
quality roughage supply for livestock.

Material and Method

Feed Samples

The potato cultivars of Milva, Laura, Granola,
Jelly and Europrima (4 of them are registered and one
has a production permit) selected among the mostly
sold cultivars of Efsane Seed Co. (operating within
the research region-Kayseri, Turkey) were used as the
plant material. Feed samples were harvested from the
production fields of the company to determine haulm
yield and quality. Sampling was made from 2.8 x 5 m
area from each cultivar in tree replications and samples

were subjected to relevant analyses. Before tuber har-
vest, haulms were reaped and weighed to find green
herbage yields. Then, they were dried at 70 °C for 48
hours to determine dry herbage yields.

Chemical Analyses

Dried samples were grinded in a mill with 1 mm
sieve and used in analyses. Crude ash was determined
by ashing the samples in an ash oven at 550 °C for 8
hours. Kjeldahl method was used to determine nitro-
gen (N) content of samples. Crude protein was cal-
culated with the formula of Nx6.25 (AOAC, 1990).
NDF was determined in accordance with Van Soest
and Wine (1967) and ADF with Van Soest (1963) in
an ANKOM 200 Fiber Analyzer (ANKOM Technol-
ogy Corp. Fairport, NY, USA).

In-vitro gas and methane measurements

The rumen fluid used in in-vitro gas measurements
was supplied from fistuled Ivesi sheep. The Ivesi sheep
was fed with 60% alfalfa and 40% barley ration. Wa-
ter and licking stone was provided ad libitum. Rumen
fluid was taken before morning feeding, filtered through
four-folded cheesecloth and mixed with buffer solu-
tion at 1:2 ratio. Grinded 0.2 gram sample was placed
into 100 ml syringe and 30 ml buffered rumen fluid was
added to syringe. Then the syringes with the sample and
rumen fluid were placed into a water bath at 39 °C. An-
other four syringes without samples but including only
the rumen fluid were included into the incubation. The
gas productions measured from these syringes were de-
ducted from gas production measured from all syringes
to get the net gas production. Feeds were incubated for
24 hours and total gas release was determined. Resultant
gases were injected to Infrared Methane Analysis de-
vice (Sensor Europe GmbH, Erkrath, Germany) with a
plastic syringe and methane production was determined
(Goel e al., 2008). The device measures the quantity of
methane within injected gas as %. The following equa-
tion was used to calculate methane production:

Methane production (ml) = Total gas (mL) X
Methane (%)

Metabolic energy and organic matter digestibility
Metabolic energy content of feeds was calculated
with the following equation by using twenty-four hour gas
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production and chemical composition parameters (Menke
et al., 1979).

ME (M] /kg DM) = 2.20 + 0.136 xGP + 0.057 xCP

OMD (g/kg DM) = 14.88 + 0.889 5GP+ 045 xCP+ 0.0651 <A
GP = 24 b net gas production (ml/200 mg).

CP = Crude protein

A = Ash content

Statistical Analyses

Experimental data were subjected to variance
analysis (ANOVA) with SAS (SAS Inst., 1999) soft-
ware in accordance with randomized blocks experi-
mental design. Means were compared with LSD test.

Results

The differences in chemical composition pa-
rameters of the cultivars were found to be significant
(P<0.01). Chemical compositions of potato haulms are
provided in Table 1. Protein contents of potato haulms
varied between 10.85-14.48% with the lowest value
from Jelly cultivar and the greatest value from Gra-
nola cultivar. The lowest ADF content was observed
in Jelly cultivar with 22.46% and the greatest value was
observed in Laura cultivar with 33.94% and it was fol-
lowed by Europrima (32.56%) which was placed in the
same statistical group. Considering the NDF contents,
the lowest value was seen in Europrima (47.99%) and
the greatest value in Jelly (60.91%) cultivar. The low-
est ash content was obtained from Laura (5.22%) and
the greatest value was obtained from Milva (9.10%)

Table 1. Yield and chemical composition of potato haulms

cultivar. Green herbage yields varied between 416.51-
670.32 kg/da with the lowest value in Milva cultivar.
Dry herbage yields varied between 381.62-527.24 kg/
da. As it was in green herbage yields, Milva had the
lowest and Jelly cultivar had the greatest value.

Mean values for gas and methane production,
metabolic energy (ME) and organic matter digestibil-
ity (OMD) are provided in Table 2. The differences
in mean values of cultivars were highly significant
(P<0.01). The greatest methane ratio (20.12%) was
obtained from Granola and the lowest methane ratio
(17.54%) was obtained from Milva cultivar. The great-
est gas production (47.56 mL) was observed in Jelly
cultivar and it was followed by Granola cultivar (46.41
mL) which was placed in the same statistical group.
The lowest gas production was observed in Milva cul-
tivar (33.15 mL). While the greatest methane produc-
tion (8.81 mL), ME (9.34 MJ/kg DM) and OMD
(63.69%) were obtained from Granola cultivar, it was
followed by Jelly cultivar (respectively with 8.35 mL,
9.29 Mj/kg DM, 62.95%) which was placed in the
same statistical group. The lowest methane production
(5.24 mL) was obtained from Milva cultivar and the
lowest ME (7.45 MJ/kg DM) and OMD (50.77%)
from Laura cultivar.

Mineral contents of potato haulms are provided in
Table 3. While the greatest Fe and Mn contents were
obtained from Jelly cultivar (respectively with 181.07
mg/kg and 85.15 mg/kg), the lowest values were ob-
tained from Europrima cultivar (respectively with
47.35 mg/kg and 28.14 mg/kg). The highest Co con-
tent was observed in Milva (1.13 mg/kg) cultivar and

Cultivars GHY DHY cp ADF NDF CA
Milva 416.51c 381.62d 13.42b 29.76b 51.78¢ 9.10a
Laura 565.87b 417.54c 11.17cd 33.94a 51.67c 5.22f
Granola 569.05b 428.97bc 14.48a 24.92¢ 55.36b 8.77b
Europrima 549.84b 459.44b 11.97¢ 32.56a 47.99d 5.93d
Jelly 670.32a 527.24a 10.85d 22.46d 60.91a 6.55¢
Deg.Sing. = = = = =
LSD 39.704 35.442 0.9702 1.6429 1.2392 0.1875

GHY: green herbage yield (kg/da); DHY: herbage yield (kg/da); CP: crude protein (%); ADF: acid detergent fiber (%); NDF: neutral detergent fiber (%);
CA: crude ash (%); ™ P<0.01; Deg. Sing.: Degree of significance; LSD: least significant difference




Nutritional Composition of Potato (Solanum tuberosum L.) Haulms

93

it was followed by Jelly (1.10 mg/kg) cultivar which
was placed in the same statistical group. The lowest
Co content was obtained from Laura cultivar (0.43
mg/kg). While the greatest Ni content was observed
in Milva cultivar (8.60 mg/kg), the lowest value was
seen in Granola cultivar (3.40 mg/kg). The greatest Cu
and Zn contents were obtained from Granola cultivar
(respectively with 15.35 mg/kg and 15.60 mg/kg) and
the lowest Cu and Zn contents were observed in Eu-
roprima cultivar (respectively with 10.84 mg/kg and
4.14 mg/kg). The greatest Cd content was observed
in Jelly cultivar (1.55 mg/kg) and it was followed by
Milva cultivar (1.54 mg/kg) which was placed in the
same statistical group. The lowest Cd content was ob-
tained from Europrima cultivar (1.02 mg/kg). While
the greatest Pb content was obtained from Laura cul-
tivar (9.80 mg/kg), the lowest value was seen in Milva

cultivar (6.47 mg/kg).

Discussion

Use of harvest residues in animal feeding is a com-
mon practice. Quantity of such residues varies based
on cultivar, species, climate and cultural practices.
Parfitt ez al. (1982) carried out a study with different
potato genotypes and reported dry herbage yields of
potato haulms as between 355-426 kg/da. It was also
reported that chemical composition of potato haulms
varied based on plant genetics, leaf and shoot ratios,
ripening periods, climate and fertilization practices
(Rubanza et al., 2005).

Increasing NDF and ADF ratios slows down the
digestion of feeds, let the animals physically feel full
and thus limit feed consumption of them. Just because
of negative effects of ADF and NDF on feed digest-
ibility, they are desired to be at low quantities in rations
(Bozkurt, 2011; Canbolat and Karaman, 2009). Cur-

Table 2. Methane, gas production, metabolic energy and organic matter digestibility of potato haulms

Cultivars CH. % GP CHmL ME OMD
Milva 17.54¢ 33.15b 5.24b 7.47b 51.32b
Laura 17.98¢ 33.96b 5.47b 7.45b 50.77b
Granola 20.12a 46.41a 8.81a 9.34a 63.69a
Europrima 17.88¢ 34.19b 5.48b 7.53b 51.3%b
Jelly 19.28b 47.56a 8.35a 9.29a 62.95a
Deg. Sing. o . o . o

LSD 0.4686 3.1080 0.7831 0.4188 2.7655

CH, %: percent methane; GP: gas production (mL); CH, mL: milliliter methane: ME: metabolic energy (MJ/kg DM): OMD: organic mat-
ter digestibility (%); ™: P<0.01; Deg. Sing.: Degree of Significance; LSD: least significant difference

Table3. Mineral content of potato haulms

Cultivars Fe Mn Co Ni Cu Zn Cd Pb
Milva 98.33b 70.05b 1.13a 8.60a 12.20c¢ 9.80c 1.54a 6.74¢
Laura 63.12d 44.86d 0.43¢ 4.80c 14.30b 14.01b 1.10bc 9.80a
Granola 66.90c 61.01c 0.90b 3.40d 15.35a 15.60a 1.20b 8.50b
Europrima ~ 47.35e 28.14e 0.45¢ 5.02¢ 10.84d 4.14e 1.02¢ 7.35¢
Jelly 181.07a 85.15a 1.10a 7.02b 14.10b 7.33d 1.55a 7.10d
Deg.Sing. ™ . o . o . . .
LSD 1.3451 1.0809 0.0734 0.2272 0.4680 0.2793 0.1101 0.1614

*: P<0.01; Deg. Sing.: degree of significant; LSD: least significant difference
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rent findings on NDF ratios were quite similar with
the results of Olorunnisomo (2007) investigating nu-
tritional composition of sweet potato residues, but cur-
rent values were higher than the findings of An ez 4/
(2006). Current ADF values on the other hand were
similar with the findings of both researchers. Ball ez a/.
(2001) indicated that feed quality might vary based on
plant cultivars and species, leaf ratio, climate and soil
conditions and other cultural practices.

Crude protein content is a critical parameter in
assessing the quality of feeds (Assefa and Ledin, 2001).
Current protein ratios were lower than the values re-
ported by these researchers for sweet potato haulms.
Muck ez al. (1999) reported crude protein ratios of
potato haulms as between 19-26%, Nicholson ez 4/
(1978) reported protein ratios of two cultivars and 6
different harvest periods as between 8-21% and indi-
cated decreasing protein ratios with prolonged harvest
periods. Low protein ratios of the present study were
because of close haulm harvest dates to tuber harvest
dates, low leaf ratio and different cultivars.

Lopez et al. (2010) classified anti-methanogenic
potential of the feeds based on the amount of meth-
ane within the gas released during fermentation as low
(>11% and <14%), medium (>6% and <11%) and high
(>0% and <6%). Since methane contents of potato
haulms of the present study varied between 17.54-
20.12%, it can be stated that current potato haulms
did not have anti-methanogenic potential.

The minerals which may affect the quality of for-
age crops are identified as Ca, P, Mg, Na and S and
trace elements as Co, Cu, I, Mn, Se and Zn (Judson
and McFarlane, 1998). Mineral content of plants may
vary based on several factors like plant cultivar and
species, harvest time, climate and soil conditions, bi-
otic and abiotic stress conditions (Gralak ez a/, 2006).
Iron requirement of farm animals was indicated as 30
pmm and zinc requirement as 50 ppm (Agricultural
Research Council, 1965). While iron requirement was
able to be met with potato haulms, they were found to
be poor in zinc. Mn requirement of ruminant animals
is indicated as 40 mg/kg (Anonymous, 1996). Current
values were low in some cultivars and were below max-
imum tolerable levels in some others (Anonymous,
1996). Copper intake may decrease with the progress
of ripening and high iron contents may also hinder

copper uptake (Phillippo ez al., 1987). Current Cu val-
ues comply with the values indicated by NRC (1985)
for the ruminant animals. Ni contents of the present
study were quite below the toxic levels (National Re-
search Council, 1980).

Conclusions

Potato cultivation is quite common both in the
world and in Turkey. With regard to nutrient composi-
tion, potato haulms of the present study yielded close
values to the forage crops. It was concluded based on
present findings that potato haulms could be used as
an alternative roughage source and partially met the
roughage deficits in periods with deficit feed sources
for livestock. Although potato is produced for tubers,
it was asserted that haulms could provide a quality
roughage supply and may provide significant contri-
butions to agricultural economy.
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