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Multi-analytical approach to the origin of charred remains on Yayoi pottery
from the Joto site, Okayama
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Abstract Unlike the studies on Jomon pottery, much fewer scientific approaches have been conducted to the resi-
dues on Yayoi pottery. Charred remains on pottery plays an important role in the reconstruction of edible plant
use in the prehistoric time. This paper aims at investigating the origin of charred remains on the Yayoi pottery
excavated from the Joto site in Okayama prefecture. To clarify cooking traces on the pottery, we used three meth-
ods, an observation of charred remains by scanning electron microscopy, a carbon and nitrogen stable isotopic
analysis, and a starch residue analysis. We found identifiable features of rice on the broken grains that had not
fully removed bran. Also the ratios of stable isotope showed that there is no contribution of C, plants. The starch
grains extracted from the sampled pottery suggested that the residues might contain other starchy foods, al-
though their association with the pottery could not be confirmed. Though some problems remained to be solved,
the comprehensive method used in this paper can promote discussion of the edible plant use in the Yayoi period,
which has not been verified from botanical perspectives yet.
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Fig. 1 The archaeological context of excavated pottery from
the Joto site, Okayama (Okayama Educational Board, 1974).
— 1: Plan and cross section, 2: Excavated context.
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Fig. 2 Pottery and samples. — 1: Cooking trace of pottery and sampling points (after Kobayashi & Yanase, 2002), 2: Charred
remains attached to the interior of pottery No. 315 (around C3), 3: Charred remains attached to the interior of pottery No.

343 (around C3), 4: shapes of samples (No. 343-C2).

A TSMBI ¥ TM1000 (TE363) 2117,

4. K% - BREERMAEDIMT

TR ERMAD 0PCEIR PN ZHET B2 L
&, AERNEEEY, C WY, C Y, FELEYO
EQTN—=TICHSKEL Tw a2 #EETE S (5,
2008 ; #H, 2008), BHEMEEBIZEH LRI, 18 No.
315D 2 7 FF (C2, C3), 14 No. 343D 1 7 (C2)
POBEANARRX 2D N THB LIS 72D 5 b, IR
PARHEZR b DZ R E L THiH L7z, No. 315-C2 K
TITEEEIEAR 4 %, No. 315-C3 AR T3 2 A,
No. 343-C2 & BTl 4 H o THlEZR T 72, HIE S
a3l LT, FilbHRIGT S TR O Bh 2089
DR bIT > 7o, ZEFGARLOME X, HERAREHE
FEHEMIE IR E S LT\ B IsoPrime EA ZXE RN AR LE
wmorEE (Micromass, UK) % fH\w7-, &E, @k
YR T H > 72 72 DI MEAR DA IZf T > TE S

7, HBERELE, BREERIIGC T~ 3 FlEZfT>TE
D, WERIOWEDFIEZ R L T 5, HERAEE, B
HESR (BROGAIMMERO SN TV v, REDOEE
IZFANU 270 —R) D6 E#Mi LT3, Lidio
T, MBS ERRET 2D D TR,

5. BETY TR

+%% No. 315 & No. 343 DZNFUzo\C, Jm»
55 HF (S1~SS5), NiE» 5 540 (S6~S10), <
A7 EXy FRE&GHICEED TEEUK S0 pl ZHLHL
ThBFBIKTEEEY, ZOWEZW IS JjiE%2#-
7oo ZOMEIFAEOETD S K2 R 2 /715 (Loy
& Fullagar, 2006) #&&1{7o7-, FHEY & DRIRZE K
N BDI, HEYEEL Qo EHEINI T EZ
D) TROERT O EAEFT ) S 5ARE 2 BRI L 72, BRILL 723
BHE T RC, BUEBREAROERTE (%4, 2010) LU
TETTL87 — P 2fE L 7o, (FRRHCI3E0R 2 Ads



44 Rl s pgE

208 H1T

W7 IV ATA PR gRfE L, A54 K77 A0 HN—
HIA, AT7A4 FEHAKDOEROEREZMERL 72, RIC,
R CEEMSE (Nikon ECLIPSE E600, f53:100 ~ 400 £%)
ZHWT, IRV A% 10 %5, SL v X% 40 ffe L7
SR CBIZ L 72, BEIZO WL, BRI ABET Y
T URIDIVERRLE, EIREE % Gl 2 - o Ichlii=2
NG (GHEFS a) %, TBEEOMECHEETTFEOIR
ZEHERT 2 7-0ICER = LD (BEFS b) 2L 7,
SINTRELD 7L T — b DAL L RGBSR X 2 BlE21E,
EZ R A Y O BREYIRE AR Z RS T T o 7,
AWFFETIE 2010 EF TIS/ERIL 7 49 |8 73 O BIE T
V7V RBERDBIEER (48, 2009, 2010) #5F %
WP DFIE % ] HE & 39 TR RHE D 5 LB &K
SXCEHAL, B LB T v 7 v RO ORI %
L7,

6. IEICLBZIADFERE

2008 4 6 Hic L= LRER IS B VT, WIS
HREEIZ S OB 28T, EHOETLERIC kS a X
P77 OFHEF 2T, ARFFEOBIENR & O L&k}
B L 72, a X IZOWTITAINREEa> eh) %2 15
TR LD DZ, T2 TUIFEE ZHD v 72k
BOTROb DML, MEGHMEZ 1 K59 T >72, 2
DOEBICEIT 2 L WNEIERFERTH S,

7. BEERRFERE
FALMIDERZBRIET 5720, 188 No. 315 225 1 44,
No. 343 225 2 HDO KR EMIZOWT, AMSIZL %
BCAHERMIEZ T2 (£ 1), Wdid (k) HERBIEAT
ICREEL, SuA - R AMS ERMIE S V=712 k> T
fibi, fE%, TSR OENRTH 2EBE (Kok
1~3 i) EAT 2T L2MERL T,

& ES

1. RIEYHGEREOERR

+- 2% No. 315 (ZIAEBAME D _F2EICk & 2IF R A bk
L, MFEIciivu 2 2, FETEBOLDAZABMNEL NS
D3, MR KB A I3 A AL L TV B 2 DRIk IC
EEEBRD SN, ZNEMNIET BAEDONE Tk
HOHED - DHARIC a7 DIE L T0 5D, a2 & ik
IS 2 LRHRDMDESTH L Z L yh otz (X2
2),

+:%5% No. 343 1ZMRF R & D DI HIPEDSEVL A AT
Bb, T k22T onmiL, Ziucxt
JE3 NI ISR 27 2R L 72, NI EEBICHARIR,
Ny FROATFDBEEINSG, THD a7 TiERRo%
L MER L7 (21 3),

2. EBVEFEMIERICL BN

FRELL 729 > 7L % PRI ERBEMEI Tl L - &
2%, 1@ No. 315 OFHERIETZRE L ORAAIREED
WL, MYOREHEDE ) AW T E oz, 1.8 No.
343 oW E ALY C2 B X O C3 TRIEME D KD
B (#9 2.5 ~ 3.5 mm) & MEISEVWINEORE (] 1.5 ~ 2.0
mm) PEEIN, ZOBRDL S KEDORIEA +DFERD
TEEME, INHORNZ T, ¥E, btk EOFEO N REN:
PREINTDOD, WMEOADPLWITET S 2 EIxHEET
Hot (X2:4),

FRBEBEIC L >TT 7, ¥E, cZOFROIEEMD
ME I N 185 No. 343 @ 3 oWk z B RE
SAMEEIC X 5T 200 f5OMFHRTHIZE L 72 K5 0, 3MEbic
RAFIRRED RAF 223 0 I S B OMETT I D PATHRE 1) X
SIHOMEIRO Tz, O THIE, 5% 500 f5
IZHE S T2 LRI IZYE T3 hh, HERETIRZRL
7% 2D TR OB LEESIL, KoY HIZiET

R 1 _EAGEBAH S ALY D R SRR E S OB AR D IR

Table 1 "*C dates and calibrated ages of charred remains on Yayoi pottery from the Joto site
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Fig. 3 SEM photos of the samples. — 1: Grains from spot C2 of pottery No. 343, 2: Two carbonized grain fragments supposed

to be rice from spot C2 of pottery No. 343, 3: Experimentally carbonized rice grains with pottery (at TUAD). a, c, e: shape; b:

detail.
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Fig. 4 Photomicrograph of two carbonized grain fragments
supposed to be rice from spot C-3 of pottery No. 3135. a, ¢:
shape; b, d: detail.
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Table 2 Ratio and contents of carbon and nitrogen isotopes,
C/N ratio

HREHEK,

e 0°C 0 N C(%) N(%) CIN
315C2-1 -269+04 08+02 53.6 24 257
315C2-2 -26.6+02 1.5+02 545 28 228
315C2-3 —-27.3+03 26+02 544 34 185
315C2-4 -28.5+03 3.1+02 456 32 167
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343C2-1 -26.1+0.1 0.5+02 437 3.7 138
343022 -254+01 -21+02 332 29 132
343C2-3 -26.1+0.1 -1.0+02 399 25 188
343024 -261+01 -04+02 407 3.5  13.5
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Fig. 5 Stable carbon and nitrogen isotope ratios of samples.
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Fig. 6 Stable carbon isotope ratios and C/N atomic ratios of
samples.
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Table 3 Types of starch grains extracted from residues of
potttery No. 315 (no. of grains)(types after Shibutani, 2010)
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Table 4 Types of starch grains extracted from residues of pot-
tery No. 343 (no. of grains)(types after Shibutani, 2010)

Type of starch grains

Type of starch grains
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7 EHOEPEO 45 No. 315 & No. 343 X b L7257 > 7 k. — 1-10: 188 No. 315 X b it (S1:5, 9, 10, S2:1,
$3:8, 547, 56:3, 6, S8:2, S9:4), 11-15: ¥ No. 343 X h#Hy (S2:11, 12, S4:14,15,S8:13). a: Bllt=2a, b:EE =2,

Fig. 7 Starch grains extracted from pots No. 315 and No. 343 from the Joto site. — 1-10: Starch grains from pot No. 315 (S1:5,
9,10, S2:1, S3:8, S4:7, S6:3, 6, S8:2, 59:4), 11-135: Starch grains from pot No. 343 (S2:11, 12, S4:14, 15, S8:13). a: brightfield, b:

brightfield with cross-polarised light.

R E 57 o Tl )RR, HIRINE L,
HE PRI LT A R LIRS E IR DS Y T A R 7 7 5103
MRSzl (Bag%, 2003) &3S, RHOEERCIE,
B P - b L8R A I o L8R EY T O WA
WEomE SN o7 (B4, 2001), EHEBP
-ME oS EYIE, WIREIZE CIHREIREIR W X
ICHENZ I D06 T, RRDINED & I3 D ff
HOHRNIEE L VIRIEETH o7, - T, MBI X BHET

PHOBHMUANDFEPBETH > 7,

A 2FRORPL, B, IR, Bflile, EHiEs S
b, R R, Ko EMICEIIL, S
JaxEicih>CT\wa GERE, 1934 ; 21, 1979, X 8),
A FDOHREE, 6 ~ 7 FIOMNE, WML 2 ZIOMED
570, BiEDIZ) 2R, £& 500 pm, iE4~6
pm TH %, 125 No. 315 25 RIS A7k b 7 mi
DL 6 K, No. 343 o RIS N 11 KD H B 9 B 6,
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RS BUEEROT Y 7 VL OBHE O HERIC X > THAFE
7T RO SRV T E B (x)

Table 5 Taxa excluded in the initial visual comparisons of
ancient starch samples and modern reference samples (x)

T £ No. 315 No. 343
Acorus calamus L. > a7
Aesculus turbinata Blume b5/ % X X
Allium victorialis L. subsp. platyphyllum Hultén ¥ 372 % X X

—v=
Alocasia cucullata (Lour.) Schott > <777 X4 &
A. odora (Lodd.) Spach 77 X4 &
Cannabis sativa L. 7

Cardiocrinum cordatum (Thunb.) Makino var. glebnii (E. X X
Schmidt) H. Hara #4477 3211

Castanea crenata Siebold et Zucc. 7Y X

Castanopsis cuspidata (Thunb.) Schottky v 77 2 4 X

C. sieboldii (Makino) Hatus. ex T. Yamaz. et Mashiba 2 4'> x

%
Coix lacryma-jobi L. ¥ 2. X5

Colocasia esculenta (L.) Schott ¥+ £ & X
Corylus heterophylla Fisch. ex Besser var. thunbergii Blume X X
NN S
C. sieboldiana Blume 7 / /"3 /3 2 X X
Cycas rumphii Miq. 7> 37V 7Y X X
Dioscorea japonica Thunb. ¥~/ 1 € X X
D. opposita Thunb., nom. illeg. +#'1 € X X
Echinochloa utilis Ohwi et Yabuno &t X X
Eleusine coracana (L.) Gaertn. > 27 £ L X X
Fagopyrum esculentum Moench >/ /¥ X X

Fagus crenata Blume 7'

Glycine max (L.) Merr. subsp. max %4 2

Hemerocallis fulva L. var. kwanso Regel v 75 /'

Hordeum vulgare L. 7 % L%

Juglans ailanthifolia Carriere 4 =27V 2 X
Lithocarpus edulis (Makino) Nakai =7 /33 A

L. glaber (Thunb.) Nakai >V 7 A Ay

Lycoris radiata (I’ Hér.) Herb. & 4> /3N X X
Nelumbo nucifera Gaertn. /> A
Oryza sativa L. £ %

O. sativa subsp. japonica 751 <A

O. sativa subsp. javanica 7 2~ A
Panicum miliaceumn L. ¥ &

Pisum sativum L. =¥ K7

Pteridium aquilinum (L.) Kuhn 7 7 &
Pueraria lobata (Willd.) Ohwi 7 2 X
Quercus acuta Thunb. 7 5>

O. acutissima Carruth. 7 X ¥

Q. aliena Blume + 57>

O. coccifera <%

HoM XK
HoM XK

Q. crispula Blume = )5 X
Q. gilva Blume 4 4 7' X
O. glauca Thunb. 77 A+

O. miyagii Koidz. ¥ +v o 7¥nnky X X
O. myrsinifolia Blume > 7 713

Q. phillyraeoides A. Gray 7 /N A 77 X
O. salicina Blume 7 7> a5y

Q. serrata Thunb. 2+ 7 X

Q. sessilifolia Blume Y 7 /3N % 75>
Q. variabilis Blume 7 X< ¥

Sagittaria trifolia L. var. edulis (Siebold ex Miq.) Ohwi 7 7 X
Pt

Setaria glauca auct. non (L.) P. Beauv. ¥ >/ au X X

S. italica P. Beauv. 77 X X

S. viridis (L.) P. Beauv. =/ a1 7% X X

Sorghum bicolor (L.) Moench €1 a2 X X

Torreya nucifera (L.) Siebold et Zucc. #1¥

Triticum aestivum L. 2 LF

Typha latifolia L. /7=

Vigna angularis (Willd.) Ohwi et H. Ohashi var. angularis 7 x X
z

¥
V. radiata (L.) Wilczek V a2 7 + 77

X X
BUERYIOZHIEAR (2010 4EBIAE) 49 J& 73 i ) &, HALUHMRIZE VT,

FestiksRICHI & e LAE S s A IRE 2 i L 7.

Candidate plants were selected from a reference collection (consisting of 73 spe-
cies and 49 genera in 2010) based on their known ancient presence in Japan or
elsewhere in surrounding areas.
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X8 A +HERORK - HEoOME (B,
1979). — 1: KK OMEE, 2: ZKREIDHE
Wi, 3: G & A Sy ofE (B35
VAT 20D,

AEY DIREB DB X - TR Z - 2 BEME DI

L2 b0 HEETH 5, 7272 L No. 315 12DV T,
BIR L 727> 7 RIDSTRERNC B2 L 72 L 8s N ok (S6
~S510) KBV TEBENHORE LD L EGEN T
728, MENC X 258DHEETE B,

No. 343 22T, BET v 7 v RO &S No.
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Fig. 8 The structure of pericarp and seed
coat of rice grains (Hoshikawa, 1979). — 1:
Structure of rice grain, 2: Tangential section
of bran, 3: Structure of cross cells and tube
3 cells (surface view).
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