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Abstract : During the manufacturing process of chestnut, 50% of biomass is produced as chestnut shell (CS) or chestnut
hull (CH), a forestry by-product. Due to its high fiber content and economic benefit, there is a possibility of using chestnut
hull as a supplement for a ruminant diet. Few studies, however, have been conducted on evaluating nutritive value of
chestnut hull for ruminant animals. The objective of this study were thus to analyze chemical composition of CS, a
by-product after the first processing of chestnut, and CH, a by-product after the second processing, and access in vitro
rumen fermentation characteristics of them. For the in vitro fermentation using strained rumen fluid obtained from a
fistulated Hanwoo steer, commercial total mixed ration (TMR) for dairy goat was used as a basal diet and was replaced
with different proportions of chestnut shell and hull. A total number of 13 treatments were carried out in this study:
100% TMR, 100% CS, 100% CH, a mix with 50% CS and 50% of CH (MIX), TMR replaced with 5%, 10%, or 15%
of CS, CH, or MIX, respectively. For each treatment, in vitro dry matter digestibility (IVDMD) and pH after 48 hours
of rumen fermentation were measured. Gas production at 6, 12, 24, 48 hours of incubation was also analyzed. Compared
to CH, CS contains higher level of fiber (NDF, ADF, lignin) and consequently has a lower amount of non-fiber
carbohydrate, but no difference was observed in the other nutrients (i.e. crude protein, crude fat, and ash). [IVDMD was
significantly (p<0.05) the highest in 100% CH (71.97%) and the lowest in 100% CS (42.80%). Addition of CH by replacing
TMR did not affect IVDMD, while an increase in the proportion of CS tended to decrease IVDMD. The total gas production
after 48 hours of incubation and the rate of gas production were also the highest in 100% CH and the lowest in 100%
CS (P<0.05). Likewise, the pH after 48 hours of fermentation was significantly (p<0.05) the lowest in 100% CH (6.33)
and the highest in 100% CS (6.50), and no significant difference in gas production was observed when TMR was replaced
with CS or CH up to 15% (P>0.05). In conclusion, CH may successfully be used for a supplement in a ruminant diet.
The nutritive value of CS is relative low, but can replace, if not 100%, low quality forage. This study provides valuable
information about the nutritive value of CS and CH. An in vivo trials, however, is needed for conclusively accessing
the nutritive value of CS and CH.
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Table 1. Chemical composition of basal feed, a total mixed
ration for dairy goat.

Items %

Dry matter (% AF) 89.52
Crude protein (% DM) 12.32
Ether extract (% DM) 2.66
Crude fiber (% DM) 23.64
Ash (% DM) 7.98
NDF (% DM) 48.47
ADF (% DM) 30.50
Lignin (% DM) 4.03
Ca (% DM) 0.73
P (% DM) 0.34
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100%(T2), 12} &390} 23} 230] 1:133154T3), TMR 100%
(T4), TMRS 12} 2512 712} 5%(T5), 109%(T6), 15%(T7) T
Sk A, 224 S92 217} 5%(T8),10%(T9), 15%(T10) ThARH
Aot 12} Eule} 22 53] 0f T} AJ2]7HT3) = TMRS: 2t
Z}F 5%(T11), 10%(T12), 15%(T13) ThAIet A g]7to|ct.

2. In vitro B|Yg

B R 2A-& Goering¥} Van Soest(1970)5 W=11 in
vitro ¥ Pelld} Schofield(1993)9} Goering™} Van
Soest(1970) 2] Vo] whe} AAJSHs, Zejt vt} 5 3 Hhe
o 242 0,5 gH9] Aelel e Azt 50 mLo| #7]
vjoFol (buffer:strained ruminal fluid=4:1)& 125 mL
serum bottled] @1l in vitro ¥ AABIATE In vitro
ool o8 ML = SAk BetA(=) oA BTt
Ak viRAbR(dE 5 A 20,70%, £AH 3,71%,
Z 38 13,29%, S JAIAE-7-4(aNDF) 39,71%, AMJAIA
A8 A 47.19%)5 50:500.2 AF3t - (cannual)o] A
A% 300 kg® IS 7] ke AN ¢2HE fFsto] A5
o] Tl H2gof Hol A7 eRlekgie), e o
774 (CO; flushing)E FA5HHA 849] 7HA|9} fe]4d
2 A2, ofuby A2 39°C wjFr] oAl 2417t B A
AJA HYSF AFATE HSHE AT} in vitro WRAIE 114
o HlgE A AlZ7F G serum bottled] 50 mLA

s, 39T % 48A17F BT loke AXBITY,

N

oFst A& w42 AOAC(2011) o] Wi o whet URbdR
% AE(934.01), 23]5(942,95), ZLHH(2001,11), ZA]
H}920,39) E-A5}a1, Van Soest 5(1991)2] HHHof w}
2} NDF(aNDF), ADF®} ADL #4819ict, & | A] o
k2 Parr oxygen bomb calorimeter(PARR 1261; Parr
Instrument Co,, Moline, IL, USA)E o]-&-3f] £43}%ct,

Lt /n vitro Bt 718 ASIE
=

In vitro 48A|7} vjjoFo|

(Istek Inc,, Seoul, Korea)E o|&-sto] pHE 4% &,
FAE ¥ Q= oA (Whatman No, 541 whatman,
Inc.. Clifton, NJ, USA)E o] &3] ojatsloic}, olaha}
o] 22 = 105 Coll A 12417 ARAIA 7h A2 73 7] 9]
HjF M990 fA Aol 2 in vitro 9] AE A3HES

Axrsisiet

O} 7IALME S%

In vitro 48A1ZF viSF F<toll ZF wiFAIZPE(6, 12, 24,
48A]7D 2 serum bottleZ vljF7 |04 7AW o] serum bottleW
9] head space®]] 4% 7}AE= pressure sensor(Sun Bee
Instrument, Inc,, Seoul, Korea)®} pressure meter(Laurel
Electronics, Inc,, Costa Mesa, CA, USA)E ©]-&3f] 7}A%¢
o] WiBlE 2Ral, o)F B)E SHkele] BAE,

2l 4 24

SAS package(SAS Institute, Cary, NC)2] General
Linear Model(GLM) procedure®] wje} 4151901, Tukey
WRe ol-8sto] 2t A7t Bale Blasteich A4 1+

o] #EZ 5%% Aok th(p0.05).

(]

. 23 5 3%

B} HFEEE HEARAYL O ZH KT AL}
= =

Table 2. Chemical composition of chestnut by-productsl).

Chestnut by-product
Chestnut Shell Chestnut Hull

Items

Dry matter (% AF)
Crude protein (% DM)
Ether extract (% DM)
Ash (% DM)

NDF (% DM)

ADF (% DM)

Lignin (% DM)

Gross Energy (cal/g)

49.63 (x0.11) | 39.10 (£0.13)
10.08 (£0.11) | 11.08 0.11)
0.59 (£0.01) 0.48 (+0.01)
2.18 (20.12) 246 (£0.02)
7532 (#2.91) | 56.02 (+3.83)
59.24 (£0.55) | 2641 (+1.94)
19.14 (£0.46) | 6.40 (£0.58)

4,379.13 (£65.57)|4,216.40 (+13.14)

UChestnut shell and chestnut hull
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Table 3. In vitro dry matter digestibility and pH after 48 hours
of ruminal fermentation.

Treatment" Dry matter digestibility pH
T1 42.80 (=1.61)° 6.50 (£0.01)°
T2 71.97 (&5.42)" 6.33 (+0.06)"
T3 51.80 (£1.36)° 6.43 (+0.03)°
T4 60.39 (£1.11)* 6.46 (£0.02)"
T5 61.29 (+2.88)" 6.46 (£0.01)*
T6 58.98 (+£1.38)™ 6.47 (£0.01)*
T7 57.64 (+1.58)" 6.47 (£0.01)*
T8 62.80 (£1.53)° 6.44 (£0.01)*
T9 61.19 (£0.60)* 6.44 (£0.01)™
T10 61.18 (+0.92)* 6.44 (£0.03)™
T11 60.10 (+2.19)* 6.46 (£0.00)™
T12 56.59 (£1.90)* 6.44 (£0.02)™
T13 56.48 (+0.47)" 6.44 (£0.01)™

*“Means in the same column with different superscripts are
significantly different (p<0.05).

YT1 is 100% chestnut shell (CS), T2 is 100% chestnut hull
(CH), T3 is a mix with 50% CS and 50% CH (MIX), T4 is
TMR, T5 is 5% CS and 95% TMR, T6 is 10% CS and 90%
TMR, T7 is 15% CS and 85% TMR, T8 is 5% CH and 95%
TMR, T9 is 10% CH and 90% TMR, T10 is 15% CH and 85%
TMR, T11 is 5% MIX and 95% TMR, T12 is 10% MIX and
90% TMR, T13 is 15% MIX and 85% TMR.
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Table 4. Cumulative gas production at 6, 12, 24, 48 hours of
in vitro rumen fermentation.

- 0 Gas production (ml)
reatmen
6 hr 12 hr 24 hr 48 hr
Tl 487 24.55¢ 56.98° 77.48°
T 16.91° 63.78" 128.99° | 164.67°
T3 9.34¢ 38.84° 88.84° 113.79°
T4 20.84% 54.10° 85.82° 111.68°
T5 19.90" 53.70° 86.65" 113.45°
T6 22.72% 55.93° 85.40° 107.41°
T7 23.63" 59.46™ 90.35° 114.64°
T8 22.35% 57.75% 91.75° 118.71°
T9 21.16° 55.98° 88.25" 112.76"°
T10 17.54° 48.58" 79.10° 100.97°
T11 2443 58.74™ 87.73° 107.52°
T12 23.52% 57.46™ 87.65° 107.98"
T13 25.14° 61.36™ 92.57° 112.90°

*“Means in the same column with different superscripts are
significantly different (p<0.05).
UT1 is 100% chestnut shell (CS), T2 is 100% chestnut hull
(CH), T3 is a mix with 50% CS and 50% CH (MIX), T4 is
TMR, T5 is 5% CS and 95% TMR, T6 is 10% CS and 90%
TMR, T7 is 15% CS and 85% TMR, T8 is 5% CH and 95%
TMR, T9 is 10% CH and 90% TMR, T10 is 15% CH and 85%
TMR, T11 is 5% MIX and 95% TMR, T12 is 10% MIX and
90% TMR, T13 is 15% MIX and 85% TMR.

-T1 =72 T3

—~T4a —+=T5 —=T6
150 —+T17 —T8 T9

—~-T10 —=T11 T12

Cumulative Gas Production (mL)

10 20 30 40 50
Incubation Time (hr)

Fig. 1. Gas production during 48 hours of in vitro rumen
fermentation.

T1 is 100% chestnut shell (CS), T2 is 100% chestnut hull (CH),
T3 is a mix with 50% CS and 50% CH (MIX), T4 is TMR,
T5 is 5% CS and 95% TMR, T6 is 10% CS and 90% TMR,
T7 is 15% CS and 85% TMR, T8 is 5% CH and 95% TMR,
T9 is 10% CH and 90% TMR, T10 is 15% CH and 85% TMR,
T11 is 5% MIX and 95% TMR, T12 is 10% MIX and 90%
TMR, T13 is 15% MIX and 85% TMR.
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