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3. Equation for estimating the reduction in methane production by

Research — Research that is or will be published in peer-reviewed journals 1. Reduction in methane production _ feeding black tea lees
» The three-week cross-over study, showed that methane proportion » Data of methane production (by culture method) obtained from previous black tea lees supply
m (CH4/(CH4+C02)) in the control period increased by 1.0% from 15.9% to tests* was integrated, and then aggregated according to black tea lees supply levels (Figure 3).
S U p p ression Of m eth ane 16.9%, while it decreased by 0.6% from 17.2% to 16.5% in the test period. * Implemented from September to November 2022 (20 cows), from January to March 2023 (24
» The 12-week long-term feeding  Figure 1. Trends in methane cows),and from April to July 2023 (24 cows)

» Multiple linear regression analysis was conducted between methane production as the

= trial  showed  that as roduction over a 12-week period
p rOd u Ctl 0 n from ru m e ns Of production in the control h%rd Proct 1Em’: . {con) dependent variable and the amount of black tea lees fed to the cows and the milk production

remained almost unchanged ¥ data on the day of collection as independent variables (n=207).
n = from 31,8 mL at baseline to . » » i — = X Mi
dal ry cows by feed l ng post_ 32.0 mL after 12 weeks, while | i EE = Methane production (mg/gDM) = 34.05 - 0.074 X Milk(kg)
gas production in the test herd - * » - 1.478 X (BTL*%)?+2.130 X (BTL%)
decreased from 329 mL to = %
extracted black tea lees A :: ;;
0 0 > Using this regression formula, we calculated the amount of methane reduction during the
*BTL : Black tea lees fed per dry matter lactation period (Figure 4)
b . - -d i ) e
Y Uyenoa, K MUkawa 3 E leatsukac 3 Y Seklguchl 2. Rumen m]crOflora Figure 3. Effect of feeding tea lees on methane producﬂon Flgufe 4. Estimation of methane

5 ¥ » Genomic DNA extracted from gastric juice samples, composition of bacterial
Shinshu University, Matsumoto city, Nagano, Japan; "Nosan Farm Co,, Itd., flora analysed by next-generation sequencing, proportion of methanogenic
Hokkaido, Japan; “Morinaga Association for the Promotion of Dairy, Tokyo, Japan; bacteria determined by quantitative PCR (Figure 2). 40

reduction during milking period by
regression equation

YMorinaga Milk Industry Co., Itd., Tokyo, Japan » Although there were large individual differences and little consistent variation, i I
feeding black tea lees (BTL) for 3 weeks resulted in an increasing trend in < o g §= AL s
H|gh||ghts Firmicutes (P=0.096) and a significant increase in RF39(*) belonging to = 3
Firmicutes (P<0.01). *Taxonomic name has not been give yet :E~ 24 control P §
v’ Feeding dairy cows on partial mixed ration containing 2% of post-extracted black » The composition of rumen microflora composition was altered by tea lees = : 1o 163@3« 1z L :
tea leaves (tea lees) has a suppressing effect on methane production by 7-9%. feeding, but this was different from the variation in bacteria often associated = k) 55 \ :
. az o - . ) with methanogenesis inhibition, such as Succinivibrionaceae and g 3.t 7 BTL2.0% | 0§
‘/ Mllk pl’DductIVlty, health COI‘Idltlon ,ﬂnd mllk flaVOI‘ Of dall‘y cows were not Selenomonadaceae (Su et a|_| 2021’ Anim Sci J| e1350) 330 ] : "- - .',-.-."_ 4 7~9% 10 4 7 143kg CH,
affected by feeding tea lees. -y 4 e ot reduction . .
5 e . & . % y . i = . .  ae 0 100 200 00
v’ Approximately 2.4 million tons of black tea is produced annually worldwide and, if Figure 2. Trends in Rumen microflora over a 6-week period o T \ Derin iking
- g . - - . i 4'5 ‘. N — . : . d d
all of the tea lees are fed to dairy cows under the conditions of this study, it would w04 Arenaea (ethancgen) o i 24 Fimicutes_ Famiy RF39 s . 0%BTL . Tea lees 2.0% e e
contribute to a reduction in 2.8 million tons of CO, per year. i it a5 =  1%BTL .+ Feeding Slomican gk
on o + 29 BTL e matahullln energy rnqm_rameni was calcylaled
0% e QE Q 1% based on daily milk production and body weight,
) . 0% s | [ 20 . ’ ’ : " ’ . and the PMR intake was estimated assuming
= i n] 100% sufficiency.
ObJeCtlve 5 % g . : ; - oon g ‘:I:l ol ow i ol 15 30 45 60 * Methane loss of 6.5% was applied to the amount of
+ Tea leaves are rich in plant secondary metabolites (PSMs) such as tannins and saponins, in addition to w S Daily milk yield {L) gross energy (MJ) calculated from the compound

proteins and minerals. Several PSMs have been investigated and commercialized as feeding
ingredients for the suppression of methanogenesis from the ruminant gastrointestinal tract (Bhatta et al.,
2009, JDS 92:5512; Firkins&Mitchell, 2023, JDS 108:3053).

+ In vitro methanogenesis inhibition studies with tea-derived materials have
been conducted (Qiu et al., 2021, Anim Biotechnol: #1998092), but feeding
studies with dairy cows have not been conducted.

+ Using black tea lees, which are discarded of as industrial waste in

manufacturing processes, this study aimed to elucidate the effect of feeding

black tea lees on the reduction of enteric CH4 emission from lactating cows.

Proteobacteria . feed intake and PMR intake, thereby calculating

the amount of heat released a weight basis.
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* BTL : Black tea lees fed per dry matter

4. Impact on productivity
» Milk and blood sampling during the study period showed no effect of this experimental feeding
regimen on milk production, cow's health status, and milk flavor in both groups.

Discussion

v Mixing post-extracted black tea leaves (tea lees) in dairy cows diets (2.0% dry matter) could reduce
methane production by 7~9%.

Table 1 . Dried black tea lees Table 2 . Feed feeding menus for test and

Materials & Method compositional values control groups v Feeding tea lees does not affect milk productivity, health condition, and flavor of milk, so the use of
ateriais etnoas . utata — Testgroup Gontrol group tea lees in dairy production areas around the world could make a small but substantial contribution to
® Materials - e i o A (b0, AFY fhs. 63 methane reduction in the dairy industry.
+ 20 dairy cows (average number of calves: 2.94, average days postpartum: 157.51) from Nosan Farm were divided  Mostre an Ory weight method Somenk fEdEg (g 26es) o o’
into two groups for a cross-over study. ol i mpmeihad Maize, fiaked 13 15
10 T the test fed partial mixed ration (PMR) vith 2.0% dried black tea lees, while the control & b hermm T Fa o s Conpour 3 ! Ref
« 10 cows in the test group were fed partial mixed ration (PMR) with 2.0% dried black tea lees, while the control . e ity Bt gl paket 30 as erences
group was fed normal PMR. C.Ash 3.47 Ashing method g:a"::::l';;‘““ 2‘;3 3:-"; + Bhatta, R,, et al. "Difference in the nature of tannins on in vitro ruminal methane and volatile fatty acid production and on methanogenic archaea
¢ ThE canipcatisn ol e HINECRR IChsanu i RhRS SIS SAoRI TTISTARIoT 2, respsctisiy i 2 B e i o i Biine L K E. Miishal. Anitod rview: Rumer modi e ﬁfﬁf 3Liry rations.” Journal of Dairy Science 106.5:3053-3071(2023)
ADF 27.66 AQAC method Premix 0.2 a2 & Irkins, J. L., an . E. VI . Invited review: rRumen modiiie O . .9 .
@ Methods . . . i . Calcium 0.55 Atomi poctr mthod Tealees 0.5 * = + Garnsworthy, P. C., et al. "Variation among individual dairy cows in methane measurements made on farm during milking." Journal of Dairy
* Rumen fluid was collected three times through a gastric tube, i.e., on the first day of feeding, after 2 weeks of  ¢oqnons 026 Spectrophotometric method DM 258 258 Science 95.6: 3181-3189 (2012).
feeding, and after 3 weeks of feeding, and was subjected to an ex-vivo cultivation simulating enteric rumen _Tannin 380 Folin-Denis method e i s ¢ gi'f- erég_ht“a-h‘“ l“" "E;":‘ g;gfgg%;g;‘a“)‘-’"“" of tea residue and tea leaves on ruminal fermentation characteristics and methane production.”
3 9 . . d 2 nimal Biotechnolegy X .
fermentation. The vapor phase fraction was collected in a syringe and was analyzed Py ga_s chromatography. EE 37 38 + Su, Chisato, et al. "Microbial community structure of the bovine rumen as affected by feeding cashew nut shell liquid, a methane - inhibiting and
+ Bacterial genomic DNA was also extracted from each rumen fluid and the gut microbiota was analyzed by next-generation sequencing. The proportion of Ash 78 70 propionate - enhancing agent.” Animal Science Journal 92.1: e13503 (2021).
methanogenic bacteria determined by quantitative PCR. NFE 382 20
+ A 3-week trial was also conducted using the same study method, changing the concentration of tea lees of 1.0%. In addition, a 12-week long-term feeding trial < Smeeurdiesdina b ikng robot o be inreased of decreased
was also conducted with no change in the test and control groups. Rumen fluid was collected five times during the trial (on day 1, 3, 6, 9, and at 12 weeks), and - rea meal adgjusted to 2% of dry matter intake.

gas production was measured as above.



