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Effects of pine needle essential oil on the quality and aerobic stability of
Broussonetia papyrifera silage

DENG Qing-yuan, FU Dong-qing, HUANG Rong-zheng, ZHANG Fan-fan', SUN Guo-jun’
College of Animal Science and Technology, Shihezi University, Shihezi 832000, China

Abstract: This study aimed to elucidate the effects of pine needle (Pinus) essential oil on the quality and aerobic
stability of Broussonetia papyrifera silage, and thereby provide technical data to facilitate its processing and
utilization. B. papyrifera was fermented spontaneously with no addition of pine needle oil (CK), or with addition of
160 mg-kg ' ( I ), 320 mg-kg ' (I ) or 480 mg-kg ' (Il ) pine needle oil in a single-factor experiment. Various
parameters, including the nutritional composition, fermentation quality and microbial count of the B. papyrifera

silage were evaluated throughout the ensiling process (3, 7, 15, 30 and 60 days). Additionally, aerobic stability was
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assessed at 60 days. It was found that on day 3 of ensiling, the water-soluble carbohydrate (WSC) content, lactic
acid (ILA) concentration, and acetic acid (AA) concentrations in groups I , Il , and [l were significantly higher
than those of CK (P<C0.05). Conversely, pH level, ammonia nitrogen: total nitrogen (NH,-N: TN) , propionic
acid (PA) concentration, and mold count were significantly lower in the treated silages than in CK (P<C0.05).
Lactic acid bacteria counts and yeast counts in groups Il and [l differed significantly from those of CK (P<C0.05).
On day 7 of ensiling, lactate concentration, acetic acid concentration, and lactic acid bacteria count in groups [ , Il ,
and [[[ were significantly higher than those in the CK group (P<C0.05). In contrast, pH level, NH,-N: TN, PA
concentration, yeast counts and mold counts on day 7 were significantly lower in these groups than in CK (P<C
0.05). Additionally, the dry matter (DM) content and WSC content in groups [l and [l[ were also significantly
higher than those observed in CK (P<C0.05). On day 15, the crude protein (CP) content, WSC content, lactate
concentration, acetic acid concentration and lactic acid bacteria count in groups I , I , and Il were significantly
higher than in CK (P<C0.05). Conversely, pH level, NH,-N: TN, PA concentration, yeast count and mold count
in groups | , Il , and Il were significantly lower than in CK (P<C0.05). On day 30, the WSC contents, lactate
concentrations, acetic acid concentrations, and lactic acid bacteria counts in groups I, I , and [l were significantly
elevated compared to CK (P<C0.05). Conversely, there was a significant reduction in the pH level, NH;-N: TN,
PA concentration, and yeast counts compared to the CK (P<C0.05). On day 60, the CP content, WSC content,
lactic acid concentration, acetic acid concentration, and lactic acid bacteria counts in groups I, II , and [l were
significantly higher than in CK (P<C0.05). As earlier, pH level, NH,-N: TN, PA concentration, and yeast counts
were significantly decreased compared with the CK (P<C0.05). The aerobic stability of groups Il and [l was
notably superior to that of both group I and CK (P<C0.05). In summary, pine needle essential oil effectively reduced
the loss of CP and WSC during silage production. It increased lactate concentration, acetic acid concentration, and
lactic acid bacteria count, while lowering pH level, and inhibiting mold proliferation. Furthermore, it significantly
improved the aerobic stability of B. papyrifera silage. The addition of 480 mg-kg ' produced the most pronounced
silage fermentation improvement effect.
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Table 1 Nutritional composition of the raw materials for B. papyrifera
T IS AR K AL S FP P B T 4T 4 [[eRERPRESAR:
Dry matter (% FW)  Crude protein (% DM)  Water soluble carbohydrates ( %4DM)  Neutral detergent fiber ( % DM)  Acid detergent fiber ( %DM )

32.91£0.19 21.48+0. 14 8.80£0.19 45.69+1.71 27.11£0.88

FW . & & Fresh weight. DM : T i Dry matter. F [f] The same below.

1.2 X%t

K e Bt iR o R A A e B kg JEORETR A3 B I 160C 1 2H) (320C 11 2H) A1 480 mg (Il 20 ) #A 51 kG
M, — 4 AR R EE X A (CK) . A IH 5 3 h, T 2 2 om K & 20 A4 5185 0l 1 20 mL
705 & TEC B AN [F) VR BE 1 £ s W, 3G TR A0 R CKOZH 3 5 Wil S5 AR B 70 %0 S . WEWG Jm 7 B4 1 34
5, R AR O FLAS AL B AS B, By 1 ke WG R B, 0 0 TR EER 3.7.15.30.60 d FF A HURE , B 41 B> )
] 53N ,60d 3 3NH A, LU TA A A€ R E , A 18 4% Jh it 724¢
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IR RE - B E T 9 (dry matter, DM) \CP | Hh P P8 ¥ £F 4 (neutral detergent fiber, NDF ) R 1 7%
V27 2 (acid detergent fiber, ADF)FI WSC. Hh DM & 5 7 SR HHET75 (GB/T 6435-2014) " CP & 2 I 2 >R
FHHLIC E A% (GB/T 6432-2018)" \NDF Ml ADF & &5 I 7 SR FH 3 [G Uk 4 £F 48 1 (GB/T 20806-2022 F1 NY/T
1459-2022)"7 " W SC & 2 5 R FH BORRA L €63

T I - I pH {H  NH,-N  FL#2 (lactic acid, LA) \ & & (acetic acid, AA) N R (propionic acid,
PA) LA T 12 (butyric acid, BA) o pH ffi I #% X pH i+ (pH3110SET2, £ [E WTW 23 ) )il & , NH,-N & & % [
R My — YR R A I 0 4 IR CP B i 16 90 THIARE B A (total-N, TN & 2t B0 75 ) NHL-N & it 47 58
R 2 A A A (ammonia-N/total-N, NH;-N/TN) |, 4 F A LR & & 2R H & 8808 A8 @335 25 00 % (Acquity Uple H-
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Table 2 Effects of pine needle essential oil on nutrient contents of B. papyrifera silage

mH b 7 i [A] Time SEM Pia
Ttems Treatments 3d 7d 15d 30d 60 d P-value
AR/ CK 31. 94aA 31.00bB 29.98bC 29. 58bC 29. 44bC 0.26 <0.01
Dry matter 1 32.12aA 31. 31abB 30. 50abC 29. 81bD 29.57abD  0.27 <0.01
(NFW) Il 32. 35aA 31. 59aB 30. 44abC 30. 02abC 29.91abC  0.27 <0.01
32. 52aA 31.72aB 30. 89aC 30. 35aD 30. 27aD 0. 24 <<0.01

SEM 0.11 0.11 0.14 0.10 0.14 — —

P1H P-value 0. 27 0. 04 0.11 0.03 0.11 — —
R CK 21. 05aA 20. 23bB 19. 38¢C 18. 58¢D 18. 06cE 0. 29 <0.01
Crude protein T 20. 99aA 20. 48abB 19. 96bC 18. 94beD 18. 58bD 0.25 <<0.01
(%DM) I 21.17aA 20. 65abB 20. 20abC 19. 35abD 18.96aD 0.22 <0.01
Il 21. 23aA 20. 88aB 20. 49aC 19. 45aD 19. 22aD 0.22 <0.01

SEM 0.06 0.09 0.13 0.12 0.14 - -

P1H P-value 0. 04 0.06 <0.01 <0.01 <0.01 - -
rhv R A AT 4 CK 46. 08aA 46. 62aA 46. 79aA 46. 75aA 46. 85aA 0.28 0.94
Neutral detergent fiber 1 45. 86aA 46. 39aA 46. 51aA 46. 53aA 46. 56aA 0.30 0.96
(%DM) Il 45.72aA 46. 18aA 46. 37aA 46. 45aA 46. 43aA 0.35 0.98
45. 76aA 46.12aA 46. 22aA 46. 26aA 46. 32aA 0.37 0.99

SEM 0.33 0.38 0.34 0. 44 0.32 — —

PAi P-value 0.99 0.98 0.96 0.99 0.96 — —
i 1 0k % 2T 4 CK 27.87aA 28.72aA 28. 82aA 28. 88aA 28. 86aA 0.30 0.85
Acid detergent fiber 1 27. 7laA 28. 54aA 28.70aA 28. 77aA 28. 8laA 0.30 0.81
(/4DM) I 27.62aA 28.67aA 28.73aA 28. 84aA 28.93aA 0.32 0.74
27. 65aA 28. 67aA 28. 78aA 28. 78aA 28. 80aA 0.28 0.70

SEM 0. 30 0.29 0.37 0.29 0. 29 — —

P1H P-value 0.99 0.99 1.00 0.99 0.99 — —
AR OK AL & CK 7.07cA 5.10cB 3.77¢C 3.01cD 2.86¢D 0.42 <0.01
Water soluble carbohydrates T 7. 49bA 5. 38beB 4. 21bC 3.53bD 3.27bD 0.41 <0.01
(%DM) I 7.73abA 5. 65abB 4. 35abC 3.86aD 3. 64aD 0.41 <0.01
Il 7.95aA 5.87aB 4.57aC 4. 09aD 3.87aD 0. 40 <0.01

SEM 0.11 0.10 0.10 0.13 0.12 — -

P1H P-value <0.01 <0.01 <0.01 <0.01 <0.01 - -

TE s ANRV/ING 2 RE 7R [F] — I [ A [5) Ak B 22 8] 2 5 4 25 (P<20. 05) , AN K5 5 Ry 2 i) — b A 7] i [1] 22 i) 22 53 8 2% (P<<0.05) . CK#L% kg iR
0 mg WA, 1 2155 kg ¥R 160 mg A& FHHE il , 11 2175 kg #301 320 mg #AEH KRG, 11l 2175 kg W 480 mg AR EP RS Tl . SEM: ¥ bsifki . T IF .

Note: Different lowercase letters indicate significant differences among different treatments in the same time (P<Z0.05) , while different uppercase letters
indicate significant differences among different time in the same treatment (P<C0.05). The group CK added 0 mg of pine needle essential oil per
kilogram, group 1 added 160 mg of pine needle essential oil per kilogram, group Il added 320 mg of pine needle essential oil per kilogram, and group Il

added 480 mg of pine needle essential oil per kilogram. SEM : Standard error of the mean. The same below.
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M4 7dCP & 158 60d DM i i3 m T CK4(P<<0.05),7d WSC &4 .30 d DM & f130d CP & & i
Hwm T CKA T H(P<0.05), ITAIIZ7dDM & & &#&m T CKAH(P<<0.05),30F160d WSC & # .60 d CP
SHEDESTCKM I 4H(P<0.05), FrfiE &4 40 NDF ADF 22 33 K8 2 % (P>0.05) . 3~15d441 DM,
CP Ml WSC % F F&(P<<0.05),15~30 d & 4 CP fil WSC &% F F&(P<<0.05), I #1114 DM & % F f& (P<
0.05),30~60d CK4 CP % FF#E(P<<0.05).
2.2 AT AT M A F e K B S R 6 %R
mFE 3w, CKL L 1AL 60 d pH AT A7 B[] 4 19 NH,-N/ TN AR K 8 2 B IK (P<<0. 05) ,15.30.,60 d %L
PR e BE A1 3.7.30.60 d 2 R M MR U . 3 T (P<<0.05) . T4 3dpH,3.15H130d NERHE B &% T CKM T

R3 BB ARSI KBS RE R0

Table 3 Effects of pine needle essential oil on fermentation quality of B. papyrifera silage

iH Qb B fif E] Time SEM P
Ttems Treatments 3d 7d 15d 30d 60 d P-value
pH i CK 6. 75aA 6.37aB 5.98aC 5. 62aD 5. 45aD 0.13  <0.01
pH-value 1 6.55bA 6. 04bB 5. 55bC 5. 28bD 5.15bD 0.14  <0.01
Il 6. 43bcA 5.98bB 5. 36cC 5.02¢D 4.90cD 0.15  <0.01
il 6. 38cA 5.76cB 5.19¢cC 4.87¢D 4.72dD 0.17  <0.01
SEM 0.05 0.07 0.09 0.09 0.08 — —
P{i P-value <0.01 <0.01 <0.01 <0.01 <0.01 — —
AEHE/BA CK 2. 59aE 3. 24aD 3. 68aC 3.97aB 4.28aA 0.16 <0.01
Ammonia-N/total-N T 2.28bD 2.66bC 2.98bB 3.24bA 3.45bA 0.11  <00.01
(%) If 1.95¢E 2.35¢D 2.62cC 2.92cB 3.19cA 0.12  <0.01
il 1.72dD 2.08dC 2.36dB 2. 54dA 2.70dA 0.10  <<0.01
SEM 0.10 0.13 0.15 0.16 0.17 — —
P{H P-value <<0.01 <0.01 <0.01 <0.01 <0.01 — —
LR CK 2. 28¢cE 2.81cD 3. 15dC 3.52dB 3.69dA 0.14 <0.01
Lactic acid T 2.77bD 3.34bC 3.71cB 4.17cA 4.25¢A 0.15  <0.01
(%DM) i 2.91bD 3. 86aC 4.23bB 4.71bA 4£91bA  0.19  <0.01
I 3.27aD 4.07aC 4.62aB 5. 14aA 5.21aA 0.20  <0.01
SEM 0.11 0.15 0.17 0.19 0.18 — —
P P-value <0.01 <0.01 <0.01 <0.01 <0.01 — -
. CK 0.43dE 0.69dD 0.97¢C 1.19¢B 1.27dA 0.08  <<0.01
Acetic acid I 0. 56¢E 0. 84cD 1.18bC 1.33bB 1.46cA 0.09  <0.01
(%DM) 0. 64bE 1.12bD 1. 54aC 1.71aB 1.82bA  0.12  <0.01
il 0.71aE 1.27aD 1.51aC 1.80aB 1.96aA 0.12  <0.01
SEM 0.11 0.24 0.25 0.27 0.30 — —
P{ii P-value <0.01 <0.01 <0.01 <0.01 <0.01 — —
] CK 0.11aD 0. 14aC 0. 16aC 0.19aB 0. 23aA 0.01 <0.01
Propionic acid 1 0.07bC 0.11bB 0.13bB 0. 16bA 0.18bA 0.01 <0.01
(%DM) If 0.07beD 0.10bC 0. 12bcB 0. 14bcA 0. 16bA 0.01  <0.01
il 0.05¢D 0.08bC 0.10cC 0.12cB 0.13cA 0.01  <<0.01
SEM 0.01 0.01 0.01 0.01 0.01 — —
P{H P-value <0.01 <0.01 <0.01 <0.01 <0.01 — -

TE: AL BRA P RAG Y TR

Note: No butyric acid was detected in any treatment group.
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H(P<<0.05), MA3dFAMKERESTCK. LAMNAP<0.05), [IAMA7dFMRKEMISd LRUKE R
FE T CKANT 41(P<<0.05), M417dpHMGE0dNERWEEWEMT CK. T MIHP<0.05), I A4 15 F1
30d pH & #E MK F CK A T 41(P<<0.05), SAbHZ 7 d IRV & LT CK41(P<<0.05), 3~7d M 15~30d
T 20 79 R e 3 & 35 T8 (P<<0.05) o 3~30 d 45 41 pH Al NH,-N/TN & 2 34 i (P<<0. 05) , FLER . £ R A N iR e
T m (P<<0.05) . 30~60d CK AL 41 NH,-N/TN & 231 (P<<0. 05) , % 4l LR W JE . CK L 7L R vk & . CK
AL 20 Py 2 e 32 S & 7 v (P<<0..05) 6
2.3 AMAHAE AT MM F T A SR E PR

WA, 7d A BE e i BT [ 4, AL HIZH B 8T CKAH (P<<0.05) . M4 7 #1115 d LR
WHEESES T I4, ETAMAEES T CKAM T 4H(P<0.05), M4 78 15 d &40 50 B & KT CK 4
(P<<0.05),60 dFLBRFEH R W EHm T CK. I MITAHP<0.05) . TAMH3dEEREHERE|RT CKAT H
(P<<0.05),3 d IS4l 1 B0 8 2 IR T CK 41 (P<<0. 05) , 3 #1130 d L2 W 2t 8 3% = T CK Al 1 41(P<<0.05),3.
7 dE AR (15,3060 d B B AR S 30,60 d A AU TR A AR T CKORT T 4 (P<<0.05) . #4031 4H 15 d %
A W IT CK A1 (P<<0.05) . 3~7 d & A FLIR W £ i % - JH(P<<0.05),7~15d Il 41 .15~30d CKZH Al
41 .30~60d CK. T H1 Il 21 LR Foit % TR (P<<0.05). 3~60d CK. T A1 [T £H B 3 A 47 58 40 v i

R4 HMEHEHITARE IR EYBEN N
Table 4 Effects of pine needle essential oil on the microbial population of B. papyrifera silage (lg cfu'g” FW)

W H 4b 51 i Time SEM Pl

Ttems Treatments 3d 7d 15d 30d 60d P-value
FLIR CK 6.22bD 6. 85dA 6. 75dA 6.59cB 6. 40cC 0.25 <<0.01
Lactic acid bacteria I 6. 38bD 7.25¢A 7.07cAB 6.97bB 6.68bC  0.33  <0.01
6.68aC 7.49bA 7.26bB 7.20aB 6. 84bC 0.32 <0.01
Il 6.79aC 7.82aA 7.66aA 7.37aB 7.23aB 0.38 <20.01

SEM 0.07 0.11 0.10 0.09 0.10 — —

P{f P-value <0.01 <0.01 <0.01 <0.01 <0.01 — —
FE TR CK 5.81aA 5.40aB 5.11aC 4.75aD 4.23aE 0.15 <<0.01
Yeast 1 5. 60aA 4.89bB 4. 65bC 4.36bD 3. 93bE 0.15 <0.01
Il 5. 15bA 4. 64bcB 4.40cC 3.92¢D 3. 40cE 0.16 <0.01
1 5. 18bA 4.55¢B 4.34cB 3.82¢C 3.40cD 0.17 <0.01

SEM 0.09 0.11 0.10 0.12 0.11 — -

P{f P-value <0.01 <0.01 <0.01 <0.01 <0.01 — —

I CK 4.99aA 4.02aB 3.18aC 2. 52aD <2.00 — —

Mold 1 4.73bA 3.63bB 2.84bC <2.00 <2.00 - —

1l 4. 23cA 3.40cB 2. 64bC <2.00 <2.00 — —

1l 4.16cA 3.40cB 2.63bC <2.00 <2.00 — —

SEM 0.11 0.08 0.08 — - — —

P P-value <0.01 <0.01 <0.01 - - — -
Lr T CK 8. 22aA 7.73aB 7.30aC 6.81aD 6.21aE 0.19 <0.01
Aerobic bacteria I 8. 07abA 7.62abB 7.17abC 6. 73aD 6.08aE  0.19  <0.01
Il 7.95bA 7.46bcB 7. 04bcC 6.48bD 5. 92bE 0.19 <0.01
1l 7.98bA 7.36cB 6.97¢C 6.37bD 5. 89bE 0.20 <0.01

SEM 0.15 0.17 0.14 0.06 0. 04 — —

P P-value 0.08 <<0.01 <<0.01 <20.01 <20.01 - —
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Fig. 1 Aerobic stability of B. papyrifera silage under

different treatments

AR /ING FRE R R A B 2 1] 22 57 18 25 (P<C0.05) ; CK A 4§ kg % i 0 mg
FARPAE i, T 44 kg #0160 mg #AFH 5, 11 28 45 kg #S 1 320 mg #A 5T
A, T4 5 kg % 0 480 mg # £ K Wl o Different lowercase letters
indicate significant differences among the treatments (P<C0.05). The
group CK added 0 mg of pine needle essential oil per kilogram, group I
added 160 mg of pine needle essential oil per kilogram, group Il added
320 mg of pine needle essential oil per kilogram, and group [l added 480

mg of pine needle essential oil per kilogram.

ALV M o A ) R BT AR B DL I R e AR A
FEBE DM YRR . ARBFFE T, 480 mg-kg " FA A T Ik
% T R A & L B e DM REAIG L 3% 5 8 8 75 0 S I RR (Linwm usitatissimum ) ¥R I 75 21 (10 25 52007 5
SR H TR BTORG T 0 TG A R B G A A W R IR B A i B, AR I R e AR R CP R R
AN SE A R T (Clostridium) 55 A F 550 W08 75 0 ARDRE A i) 28 1 5T R A i NHL-N 45 3E 25 11 &L, B NHL-N BB S
W I ek v B U R AR B L I NHL-N s i — A W o0 i B P i R OT R LR R F R Y
ik 2, 3 B AR CP R o B 0 ikl 2 1K 2 D O CP AR I BB F B WFoe R 8L, M)
K il RE 0 AR A S AT T SR W R B A O B B R K A R T AR A R X g5l
ZAE K F (Hordeum vulgare) ¥ WA 51 5. ( Vicia sepinm) \#e7 (Avena sativa) 18N FAF RN U > A0
TIE S A B KG THh B8 B AR AL AR 75 I rf CP g4 2% [R] BP0 0 A 1 K5 ik 4 #4435 T i NTHL,-N o B Bl 25 6 (IR 0 B IE 173X
— 45 . WSC W FLI - N EER R . A F RIS, WSCTEH W B b Bl AE ¥ o0 . AR BFSE
t, WSC & it G 75 00 8] 09 28 4 5 3 R R a3 T IS I AA B Tl Y 3 SR T R R I rh WSC R R L X
5 TR IR AR T ) R AR T 2 SR A T a3 R PR R R A R T ) T A R M i e T WSCIHAE .
B bR i WSC S g L IR R L 38 TR AL R M QR Y & i, N B T pH BEAR . ASBESE AN BT RG
T AR = T AR LR R LRV B R AR T AR T pH . AN WERRKF AR (Cinnamomum cassia) K1
(Citrus Limon ) ¥ 55 K5 0 59 K B0 LA BT 0 R pHAB MR . NDF Al ADF & 52 2 e 4 50 3 1k % 1 &
B4R R . BT NDF F1 ADF 768 W2 #2 vh AN 5 B i ASBIE 58 v, B8 0 2% LU A 108G i A B 0 3 52 e 2F 4 35 &t
3.2 AHAE AT AR F I P R A DR w

A WFFER BT, B-UR M I 3-8 M 2 A AR il b 32 AN 1 8 A3, T R ) 5T RE R AR ) A i ) S R L 3K
4 L PN K 3 o3 [ A itk O L 9 L AR R BR ISERS A% 1 — W5 2 (adenosine triphosphate, ATP) & B, 31 il s A= 9 A=
R RN RS Tl AR IR ZE AR AT B (Bacillus fusiformis) #1583 B8k J) B8 (Fusarium moniliforme ) (4 5 A1 300 B e & 43
W2 16. 45 A1 4. 11 mg-mL ", T AA 41K il ik B 72 65. 80 mg-mL ' LA F X WEMRFLAT I ( Lactobacillus acidophilus) %
AR R PR e 7 GERE S IS A R BRSO LR B A KON S A . i — 2B i SR S, AR
(Cuminum cyminwm ) A% i BE SN H 7 F 0 ZLIR B M CRE . ARBFSE b, 45 Ah 33 20 LR A 480 o 7 7 00 0 Tk
B, AR 7 R IR B W AE, A 7 K5 BEAE 75 PR EE b pH A T Fa 7L AR 1 K0 SR i b, L iy TR R R S
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i AR BE B AR K, 3R HORE (Saccharum officinarum) I WA AR E T . AN, 4 = (Origanum
vulgare) K AR Il AN B AR (Neolamarckia cadamba) K i 4 4 7 75 DR SR e PR R Hi3E . A AT
GE Bl A PR T TS 0 A A B I, A AR TR R R R A T IR R I T 2 R

4 Zig

S5 b MR TFIE o 00 160~480 mg- kg FHH I 47 2 5 0 RPE B8 . kA 7 3 T o HELE 1 01 0
PR B 000 5 2 A 8 T A 047 SR R P 5 FLIE — L S B . TR 7E 480 mg
kg HRIEETR T BB /N . R 7 A K B P I 480 me- kg BAHR I
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